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INTRODUCTION  TO  VOLUME  V 


The  Structural  Weight  Estimation  Program  (SWEEP)  has  been  developed  as  an 
analytical  aircraft  structural  weight  prediction  tool  suitable  for  use  in  the 
preliminary  design  phase  of  vehicle  synthesis.  TCie  functions  of  data  develop- 
ment and  assessment  have  been  integrated  into  various  program  modules  so  that 
criteria,  design  constraints,  and  environment  considerations  are  consistent. 
The  purpose  of  the  two  parts  of  this  volume  is  to  present  methods  and  formula- 
tions and  to  discuss  program  routines  for  the  air  induction  system  and  land- 
ing gear  modules: 

* Part  1 discusses  the  air  induction  system  module,  which  estimates 
air  induction  system,  nacelle,  and  engine  section  structure 
weights 

* Part  2 discusses  the  landing  gear  module 

Appendix  A presents  autoflow  diagrams  and  charts  of  the  air  induction 
system  module.  Autoflow  diagrams  and  charts  of  the  landing  gear  module  are 
presented  in  Appendix  B. 
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AIR  INDUCTION  SYSTEM  MODULE 
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Section  I 


INTRODUCTION  AND  SUNMARY 


PROGRAM  OBJECTIVES 


The  objective  of  the  air  induction  system  weight  estimation  module  is 
to  provide  weight  of  propulsion-system-oriented  structural  components  during 
the  preliminary  design  phase  of  vehicle  synthesis.  In  this  design  phase, 
weight  trade-off  and  point  design  data  sensitive  to  a wide  range  of  inlet- 
engine  arrangements  and  design  criteria  are  required. 

Design  of  propulsion  systems  are,  to  a significant  degree,  dictated  by 
optimum  performance  to  meet  primary  mission  objectives  with  compromise  for 
other  vehicle  environmental  conditions  encountered  by  the  system.  Inlet 
boundary  layer  bleed  and  bypass  requirements  are  some  of  many  details  that 
are  not  available  in  the  preliminary  design  phase.  These  and  other  factors 
complicate  structural  arrangement  definitions  which  are  required  in  an  analyt- 
ical procedure. 

Methods  that  are  incorporated  in  this  program  evaluate  those  components 
that  may  be  derived  on  an  analytical  basis  within  the  limitations  of  design 
data  that  would  be  available  in  the  preliminary  design  phase.  Empirical 
and  statistical  formulations  are  used  to  estimate  the  weight  for  certain 
identifiable  components  as  well  as  to  estimate  provisions  for  items  that  are 
not  readily  defined. 


SUNNARY  OF  ANALYSIS  CAPABILITIES  AND  LIMITATIONS 


The  estimating  procedure  accounts  for  wing-pylon-mounted  or  fuselage- 
pylon-mounted  engine  packages  as  well  as  for  engines  mounted  inside  the  vehi- 
cle fuselage.  It  is  limited  to  air-breathing  engine  concepts  with  inlet 
ducts  forward  of  the  engine  compressor  face.  Nacelle-type  installation  eval- 
uation is  limited  to  two  or  four  nacelle  arrangements.  The  following  pro- 
pulsion-system-oriented  components  are  evaluated  in  this  module: 

e Air  induction  system: 

- Ducts 

- Variable  - geometry  ramps 
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- Auxiliary  inlet  panels 

- Duct  bypass  doors 

- Fixed-  and  vairable- geometry  spikes 

• Nacelle  and  engine  section: 

- Nacelles  and  engine  cowling 

- Pylons 

- Fittings 

- Engine  mounts 

For  the  purposes  of  weight  accounting,  air  induction  system  structure 
is  categorized  as  part  of  the  propulsion  group  according  to  the  definitions 
in  MIL-STD-254.  Nacelle  and  engine  section  structure  components  are  cat- 
egorized in  a separate  group.  The  weight  estimating  approach  is  based  on 
calculating  weights  at  the  line  item  level  of  the  detail  weight  statement 
report  form,  Figures  1 and  2. 

The  program  approaches  weight  estimation  for  each  of  the  structural 
elements  as  independent  entities.  Some  interactive  compatibility  is  evaluated 
such  as  optimum  duct  frame  spacing  or  for  duct  requirements  due  to  the  pres- 
ence of  ramps. 


AIR  INDUCTION  SYSTB1  STRUCTURE  WEIOfT  ESTIMATION 

Inlet  duct  and  variable-geometry  ramp  structure  weight  estimation  pro- 
cedures account  for  factors  such  as  geometry,  type  of  construction,  material 
properties,  temperature,  inlet  pressures,  and  manufacturing  limitations. 
Auxiliary  inlet  panels,  duct  bypass  doors,  and  fixed-  and  variable-geometry 
spikes  are  estimated  by  statistical  methods.  Weights  of  these  items  are 
sensitive  co  specific  item  function  and  dimensional  and  descriptive  data  input 
by  the  user. 


Inlet  Pressure  and  Temperature 

Inlet  design  pressures  and  temperature  are  determined  for  the  vehicle 
speed- altitude  profile  envelope.  Nine  points  on  both  the  level-flight 
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Figure  1.  Detail  weight  report  format  for  propulsion  grotp. 
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Figure  2.  Detail  weight  report  format  for  engine  section  or  nacelle  group. 
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maximum  speed  (M^)  and  the  limit  speed  (M^)  envelopes  are  evaluated  for  design 
pressure  and  temperature  data  based  on  standard  day  atmospheric  properties. 
Total  pressure  is  calculated  by  using  isentropic  compressible  flow  equations 
and  inlet  pressure  recovery  ratio.  Static  pressure  is  calculated  as  a func- 
tion of  total  pressure  and  airflow.  Transient  overpressure,  referred  to  as 
haitmershock,  is  calculated  as  a function  of  inlet  total  pressure  and  engine 
bypass  ratio.  Inlet  attenuation  is  approximated  to  develop  longitudinal  pres- 
sure variation  in  the  duct. 


Material  Properties 

Material  properties  in  the  form  of  stress-strain  diagrams,  strength  and 
fatigue  characteristics,  and  physical  properties  are  stored  in  a permanent 
data  bank.  Elevated- temperature  properties  are  obtained  by  interpolation  of 
the  permanent  file  data.  Properties  for  ducts,  ramps,  and  nacelle  are  inde- 
pendently derived  such  that  different  materials  may  be  selected  for  these 
structural  components. 

Since  temperature  varies  with  vehicle  speed  and  altitude,  separate  sets 
of  materials  data  are  calculated  for  each  speed  profile  point.  Components  are 
designed  to  the  pressure  loads  and  the  attendant  material  properties. 


Inlet  Ducts 


The  inlet  duct  weight  estimating  approach  is  a multi-station  synthesis 
procedure.  Geometry  is  represented  as  a family  of  shapes  (rounded  rectangles) 
that  may  be  defined  by  straight  lines  and  circular  arcs.  Shape  may  vary  from 
fully  circular  to  fully  rectangular.  Inlet  geometry  is  defined  at  as  many  as 
10  discrete  synthesis  locations,  starting  at  the  leading  edge  and  ending  at 
the  engine  front  face. 

Ducts  are  assumed  to  be  sheet  frame  structure  designed  to  pressure  require- 
ments. Panels  are  designed  for  either  milled  with  lands  at  frames  or  unmilled 
construction.  Strength,  deflection  restraint,  and  fabrication  minimums  are 
variables;  frame  spacing  may  be  either  fixed  or  variable.  The  optimum  frame 
spacing  search  is  conducted  between  predefined  minimum  and  maximum  limits. 


Variable -Geometry  Ramps 

Either  two,  three,  or  four  ramp  systems  are  evaluated.  Variables  in  the 
weight  estimation  approach  are  differential  ramp  pressures,  geometry,  material 
properties,  construction,  and  fabrication  minimums. 
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Critical  design  pressure  is  determined  by  comparing  the  ratio  of  ultimate 
hammershock  pressure  t;o  the  ramp  material  compression  yield  stress  at  each  of 
the  points  on  the  speed  profile  envelope.  Differential  pressure  on  each  ramp, 
a function  of  plenum  pressure,  is  based  on  either  predefined  or  user  input 
pressure  ratios. 

Geometric  descriptions  of  lengths,  widths,  angles,  and  actuator  locations 
are  combined  to  develop  individual  ramp  loading  diagrams.  These  loads  are 
used  to  synthesize  either  stiffened  sheet  construction  or  honeycomb  panel 
structure. 


NACELLE  AND  ENGINE  SECTION  WEIGHT  ESTIMATION 

Nacelle  structure  weight  estimates  are  performed  for  external  podded 
engine  installations.  Geometry  is  defined  in  a manner  similar  to  that  used 
for  the  ducts.  Synthesis  cut  geometry  is  defined  at  as  many  as  10  stations, 
starting  at  the  inlet  leading  edge  and  ending  at  the  last  complete  nacelle 
section. 

Nacelle  loads  due  to  inertia  effects  are  considered  to  be  negligible. 

Ibis  premise  is  true  for  most  nacelle  systems  in  which  engines  are  supported 
directly  by  the  pylon  strut.  The  estimating  procedure  is  therefore  limited 
to  the  design  for  local  panel  flutter,  if  critical,  and  fabrication  minimums. 
Within  this  scope,  frame  weight  and  spacing  compatibility  is  maintained  for- 
ward of  the  engine  front  face.  Duct  frame  weight  and  spacing  are  used  in  this 
forward  section.  Frame  spacing  aft  of  the  engine  face  is  defined  by  input 
definition. 

Pylons,  fittings,  engine  mounts,  firewall,  and  miscellaneous  door  weights 
are  calculated  by  empirical  and  statistical  methods. 


M3DULL  OPERATION 


The  program  is  written  in  FORTRAN  extended  language  for  operation  on  the 
CDC  0600  computer  and  is  structured  to  operate  within  50,000-octal  core  loc- 
ations. Execution  time  varies  with  the  type  of  inlet-engine  arrangement. 

The  range  of  computer  core  time  varies  between  1 to  5 system  seconds. 

The  air  induction  system  module  operates  within  SWEEP  either  as  a stand- 
alone program  or  in  conjunction  with  other  modules.  Mode  of  operation  is  con- 
trolled by  the  SWEEP  control  program,  OLAYOO. 
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In  the  stand-alone  mode,  the  SWEEP  control  program  calls  only  the  input 
data  processing  module  and  the  air  induction  system  module.  All  input  data, 
required  by  the  air  induction  system  module  are  initially  set  up  by  the  user, 
read  by  the  input  data  processing  module,  and  set  up  in  labeled  comnon  and 
mass  storage  records  for  use  by  the  air  induction  system  module. 

When  the  air  induction  system  module  is  operated  in  conjunction  with 
other  SWEEP  modules,  input  data  are  processed  in  the  same  manner  as  those 
used  in  the  stand-alone  mode.  Part  of  the  data  required  by  the  data  manage- 
ment module  are  also  used  by  the  air  induction  system  module.  In  this  case, 
duplicated  data  are  transferred  to  the  input  data  record  for  use  by  the  air 
induction  system  module. 

Specific  input  data  requirements  and  deck  arrangement  instructions  are 
discussed  in  Volume  IX,  "User's  Manual." 


MODULE  INPUT 

Specific  input  to  the  air  induction  system  module  is  discussed  in  the 
maps  and  program  descriptions  contained  in  Section  III  of  this  volume.  Fol- 
lowing is  a summary  of  the  types  of  input  required  by  the  module: 

1.  Basic  constants  used  in  synthesis  equations:  275  inputs 

2.  Air  induction  system,  nacelle,  and  engine  section  configuration 

dependent  data:  260  inputs 

3.  Mach-altitude  profile  data:  30  inputs 

4.  Materials  data:  <300  inputs  per  material  used 

5.  Program  print  indicators:  10  inputs 


MODULE  OUTPUT 

Basic  module  weight  sumnary  results  are  shown  in  Figures  3 through  5. 
Optional  output,  which  is  controlled  by  user  specifications,  consists  of 
input  data  tables,  loads  and  sizing  data  tables,  weight  details,  and  inter- 
mediate calculations.  Sample  output  tables  are  shown  with  the  descriptions 
of  the  source  routines  in  Section  III  of  this  volume.  Warning  and  error 
messages  are  printed  when  erroneous  or  incompatible  data  are  encountered. 
The  program  default  procedure  appears  as  part  of  the  message. 
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Figure  4.  Sample  output  of  air  induction  system  structure  weight  summary. 
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Figure  5.  Sample  output  of  engine  section  or  nacelle  group  weight  suninary 


MJDULi:  STRUCTURE 


The  module  is  structured  in  a single  overlay  consisting  of  a main  program 
(AISMN)  and  21  subroutines.  Figure  6 is  a functional  flow  diagram  which 
depicts  the  major  operations  of  the  program.  Table  1 shows  the  routines  for 
each  of  the  functional  groupings. 
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Figure  6.  Air  induction  system  module  functional  flow  diagram. 
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TABLE  1.  FUNCTIONAL  SUBROUTINE  GROUPING  (AIS) 

Overlay  (7,0)  Subroutine  by  Functional  Groupings 

1.  Overlay  (7,0)  Control  and  Data  Manipulation 

e Program  A19ft  - Program  for  AIS  overlay,  print  system  data 

2.  Develop  Temperature  and  Pressure  Data  From  Speed-Altitude  Profile 

e Subroutine  SPAL  • Set  up  temp  and  pressure  for  9 PT  speed  profile 
e Subroutine  TIMPR  - Temp/pressure  eval  program  at  given  geopotential  alt 
e Subroutine  DStWP  - Set  up  temp  and  pressure  factors  for  air  induction  sys 

e Subroutine  'CVTL1  - Develop  material  properties  from  library  data 

e Subroutine  MA1LF1  - Material  property  curve  fit  program 

e Subroutine  MATLP2  - Material  property  curve  fit  program 

3.  Ramp  Synthesis 

e Subroutine  RAMPS  - Ramp  synthesis  and  weight  for  2 to  4 ramps  per  inlet 

e Subroutine  PRECRT  - Determine  critical  RAW  design  criteria 

4.  Spike  Synthesis 

e Subroutine  SPIKE  - Weight  for  spikes  by  statistical  equations 

5.  Duct  Synthesis 

e Subroutine  DUCTS  * Control  and  print  for  ducts 
e Subroutine  DCTGEO  - Duct  geometry  evaluation  program 

• Subroutine  IWWD3  • Frame  node  coordinates  61  nodes  evaluation  program 
e Subroutine  FRMELD  • Unit  pressure  ring  load  evaluation  program 

• Subroutine  DUCPNL  - Duct  panel  synthesis  program 

e Subroutine  DUCFRM  • Duct  frame  synthesis  program 

t Subroutine  DUCWET  - Duct  weight  evaluation  program  - per  nacelle  or  A/V 

6.  Nacelle  Synthesis 

e Subroutine  NACELE  - Nacelle  shell  weight 
e Subroutine  NCLCiO  - Develop  nacelle  geometry 

7.  Miscellaneous  Component  Weights 

e Subroutine  MISOOM  • Weights  of  engine  mounts,  misc  doors,  etc;  apply  K-factor 

8.  Pylon  Synthesis 

e Subroutine  PYLONS  - Pylon  and  fitting  weight 

9.  Sunmarize  for  Output 

e Subroutine  SUMARY  - Surmarize  AIS  weights  and  CGS,  and  print 


Section  II 


METHODS  AND  FORMULATIONS 


GENERAL  DISCUSSION 

Methods  and  formulations  which  are  programmed  in  the  air  induction  system 
weight  estimation  module  are  discussed  in  this  section.  Specific  design  data 
development  and  weight  calculation  functions  are  performed  in  separate  rou- 
tines which  are  called  by  the  control  program  AISMN.  The  discussions  that 
follow  present  the  process  within  each  of  these  routines. 
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INLb'l  COORDINATE  SYSTEM 


The  air  induction  system  weight  estimation  module,  which  is  part  of  an 
integrated  structure  weight  estimation  program,  provides  propulsion  system 
oriented  structure  weight.  The  procedure  evaluates  a wide  range  of  propul- 
sion system  arrangements  that  can  exist  on  fighter,  attack,  bomber,  and 
transport  vehicle  categories.  In  order  to  minimize  geometry  definition 
requirements,  an  inlet  coordinate  system  is  used  to  locate  and  define  struc- 
tural components. 

The  following  stability  axis  definitions  are  used  to  define  the  vehicle 
coordinate  system. 
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Propulsion  systems,  as  with  other  systems  such  as  the  wing,  are  generally 
symmetrical.  In  the  following  sketch,  left-  and  right-hand  side  engine  pack- 
ages are  symmetrical . The  inlet  coordinate  system  is  located  relative  to  the 
vehicle  coordinate  system,  as  shown  in  the  following  sketches: 


Plan  view 
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This  coordinate  system  is  offset  from  the  vehicle  coordinate  system  by  AX, 

Af,  and  AZ.  Origin  of  the  system,  X«  0,  is  defined  to  be  at  the  inlet  lead- 
ing edge.  Origin  of  the  other  axes,' ■ 0 and  * 0,  is  defined  to  be  at 
the  engine  front  face  perpendicular  to'  the  engine  axis,  X^  - axis  is  assumed 
to  be  colinear  with  the  engine  axis. 

Two  engines  may  exist  in  a nacelle,  as  shown  in  the  following  sketch. 

The  X..  - axis  is  located  colinear  with  the  engine  axis  midway  between  the 
engines  (nacelle  centerline). 


This  definition  of  inlet  coordinate  system  also  applies  to  fuselage- 
buried-engine  arrangements.  For  this  situation,  inlet  and  vehicle  Y-axis 
are  coincident. 

Geometric  description  and  weight  estimation  of  a single  unit  (one 
nacelle  or  one  duct)  can  be  evaluated.  Total  vehicle  arrangement  and  weight 
is  implied  by  the  relative  location  with  respect  to  the  vehicle  coordinate 
system  and  the  inlet  coordinate  system.  For  the  foregoing  discussion  of  a 
two-engine  arrangement,  geometry  of  one  inlet  duct  would  be  defined  and 
presence  of  two  ducts  in  the  nacelle  defined  by  the  offset  relative  to  the 
inlet  coordinate  system.  There  may  be  either  two  or  four  nacelles  on  a 
vehicle;  i.e. , an  inboard  set  or  an  inboard  and  an  outboard  set.  Therefore, 
the  number  of  nacelles  and  their  relative  location  (AX,  AY,  AZ)  can  be  used 
to  determine  the  total  number  of  detail  units  (such  as  number  of  ducts) , 
total  weight,  and  center  of  gravity.  This  accounting  procedure  is  followed 
in  the  weight  calculation  routines  and  the  weight  summary  subroutine  SUMARY. 


32 


Rian  PROFILE  AND  DESIGN  PRESSURES 


The  vehicle  speed-altitude  profile  is  evaluated  for  air  induction  system 
design  pressures  and  local  panel  flutter  requirements,  Methods  employed  to 
develop  and  process  this  information  are  described  herein.  Routines  which 
perform  these  operations  are: 

• SPAL  Expand  the  input  speed-altitude  profile  and  calculate  total 

temperature,  total  pressure,  static  inlet  duct  pressure,  and 

dynamic  pressure. 

• TEWR  Calculate  standard  atmosphere  temperature  and  pressure  at 

speed  profile  altitudes. 

• DSGNP  Calculate  inlet  duct  hammershock  pressures  and  static  pressure 

at  the  inlet  throat. 


SPEED- ALTITUDE  PROFILE 


Input  speed-altitude  profile  data  consist  of  five  points  on  both  the 
level-flight  maximum  speed  envelope,  M^,  and  the  limit  speed  envelope,  Ml, 
starting  at  sea  level  and  extending  tomaximum  altitude.  Points  on  the 
profile  are  defined  relative  to  the  ^ profile.  Data  type  and  its  use  inL 
the  program  are  as  follows: 


Input  Data 
Defining  Ml 

0.0 

>0;  <1.0 
>1.0 


Description 
Ml  equal  to  fyj 
Decimal  to  be  added  to 
Multiplier  of  M^ 


to  be  added  to 

This  data  set  is  expanded  to  define  nine  points  by  interpolating  between  the 
input  points.  Intermediate  points  are  taken  at  altitudes  midway  between  input 
altitudes;  corresponding  dynamic  pressure  is  obtained  by  interpolation,  and 
speed  is  then  calculated  to  be  compatible  with  the  dynamic  pressure  and 
altitude.  Figure  7 shows  these  speed -altitude  profile  points. 


<0.0 


Fraction  of 


"a 
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Attitude 


Figure  7.  Speed-altitude  profile  points. 
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Ambient  Temperature  and  Pressure 


U.S.  standard  atmosphere  temperature , T0,  and  pressure  , are  calculated 
in  subroutine  TEMPR  by  curve  fit  equation  for  different  altitude  ranges.  (1) 

Between  0 and  36,089.24  feet, 

T - 518.67  - 3.56616  (ALT)  (1) 

Pq  - 2116.22  [l.O  - 0.00687559  (ALT)]  5,25591  (2) 


where 

Tq  • ambient  temperature,  °R 

Pq  ■ ambient  pressure,  psf 

ALT  - geopotential  altitude,  ft/1,000 

Between  36,089.24  and  65,616.88  feet, 


T - 389.97 
o 


(3) 


P 

o 


472.68 

/ ALT-36.08924~r 
\ 20.80556  J 


(4) 


Between  65,616.88  and  104,986.9  feet. 


T - 389.97  ♦ 0.548641  (ALT- 65. 61688) 
o 


(5) 


P - 114  34 «;  [i  n ♦ -0.548641  (ALT- 65. 61688)  ' 
o 114,545  L 389.97 


34.1634 


(6) 
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Between  104,986.9  and  154,199.5  feet, 


T 

o 


P 


o 


411.57 


18.131 


+ 1.53619  (ALT- 104. 9869) 

[ 1.53619  (ALT-104.9869) 

A,U  411.57 


-12.2012 


(7) 

(8) 


Should  the  altitude  exceed  154,119.5  feet,  a warning  message  is  printed, 
equation  7 is  used  to  calculate  Tq,  and  equation  8 is  used  to  calculate  P . 


Dynamic  Pressure 

Dynamic  pressure  is  calculated  in  subroutine  SPAL  by  using  local  temp- 
erature and  pressure,  equation  fit  approximation  of  the  acceleration  of  gravity, 
and  assuming  constant  specific  heat  ratio. 


8 


P 


C 

s 


q 


32.17405  - 0.00000304  ALT 

(9) 

P 

u 

RT 

(10) 

o 

/vgRi'o 

(ID 

~~  (M  C )2 
2g  o s' 

(12) 

where 


2 

g = acceleration  of  gravity,  ft/sec 
P = density  of  air,  lb/ft^ 

R = gas  constant,  53.3  ft-lb/lb/  °R 
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y ■ ratio  of  specific  heats,  1.4 

Cg  ■ speed  of  sound,  ft/sec 

H - vehicle  mach  number 
o 

q - dynamic  pressure,  psf 


INLET  DUCT  PRESSURES  AND  TEMPERATURES 

Inlet  duct  pressures  and  temperatures  are  calculated  at  each  of  nine 
points  on  the  level -flight  maximum  speed  envelope,  M^,  and  the  limit  speed 
envelope,  M^.  Hamnershock  pressure  is  determined  atpoints  on  the  NL  and 
profiles,  and  static  pressure  is  determined  along  the  M,  profile.  Inese 
pressures  are  determined  at  the  inlet  throat  and  at  therront  face  of  the 
engine.  Pressure  from  the  leading  edge  to  the  throat  is  assumed  to  be  constant. 
Pressure  at  inlet  stations  between  the  throat  and  the  engine  are  determined 
by  linear  interpolation  between  pressures  at  the  two  points. 

Total  pressures  and  temperatures  are  calculated  in  subroutine  SPAL. 

Static  pressures  at  the  engine  face  are  also  calculated  in  SPAL.  Hammershock 
pressures  and  static  pressures  at  the  inlet  throat  are  calculated  in  subroutine 
DSGNP.  Isentropic  compressible  flew  equations  and  empirical  formulations  for 
pressure  recovery  ratio,  airflow,  and  attenuation  are  used  to  calculate  the 
required  data.  The  subscript,  (1),  is  used  to  denote  inlet  throat  station, 
and  the  subscript,  (2),  to  denote  engine  front  face  station  in  the  discus- 
sions that  follow. 


Total  Temperature  and  Pressure 


Total  temperature , 1 , and  total  pressure,  PT~,  are  calculated  by 
equations  13  and  14. 


(13) 


(PT2/PT(P  Po  (1+  2 >£) 


y 

y-i 


(14) 
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where 


Rp/^Tu  = inlet  Pressure  recovery  ratio 

Pressure  recovery  ratio  may  be  user  input.  However,  if  it  is  not  avail- 
able, equation  15  from  reference  2 is  used  to  calculate  recovery  ratio  for 
supersonic  speeds.  For  subsonic  speeds,  recovery  ratio  is  assumed  to  be  1.0. 


Pp/PTQ  * 1.0  - 0.075  (Mo-1.0)1,35  (15) 


Stat ic  Pressure 

Static  pressure  at  the  engine  face,  P^,  is  calculated  by  equation  16. 


P 


(16) 


where 

= mach  number  of  air  at  engine  face 

Mach  numoer  of  the  air  at  the  engine  face  may  be  useT'  input  or,  if  not 
available,  is  defined  by  the  following  approximations: 


M_  « 0.3  when  M >1.0 
2 o 

M0  * 0.5  when  M £ 1.0 
2 o 


Static  pressure  at  the  inlet  throat,  Pp  is  obtained  from  the  curve  of 
the  ratio  of  static  pressure  to  free- stream1 total  pressure  versus  mach  number 
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(Figure  8).  This  ratio,  which  is  the  pressure  ratio  behind  the  normal  shock, 
is  calculated  by  equation  17. 


P1/PT0  " 0,8  ' °*0SM 


(17) 


Figure  8.  Throat  static  pressure  ratio. 


Hammer  shock  Pressure 


Hamnershock  pressure  in  the  inlet  system  is  caused  by  engine  stall  and 
consequent  airflow  cutoff.  This  pressure  is  dependent  on  internal  engine 
geometry.  Hard  stall  of  turbojet  engines  creates  hamnershock  pressure  ratios, 
pHS2/p2»  °*  about  2,  which  indicates  100-percent  inlet  flow  cutoff.  In  the 
case  or  fan  engines,  most  of  the  stalls  occur  in  the  high-pressure  compressor. 
As  the  hamnershock  pulse  emerges  from  the  compressor,  the  fan  bypass  ducting 
provides  a path  through  which  the  pulse  is  vented;  step  change  in  fan  back- 
pressure is  reduced,  and  pressure  rise  in  the  inlet  duct  is  correspondingly 
lower.  As  the  bypass  ratio  of  the  fan  is  increased,  the  relative  air  mass 
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involved  uith  compressor  stall  decreases,  fan  air  bypass  duct  volume  increases, 
and  pressures  forward  of  the  fan  are  lower.  Plots  of  hammershock  pressure 
ratio  versus  total  temperature,  Tj2,  for  turbojet  and  fan  engines  are  shown 
in  Figure  9.  These  curves  are  based  on  corrected  airflow,  ffN^),  versus  total 
temperature  data  for  typical  engines,  and  hammershock  pressure  ratio  data  from 
Reference  3.  liquations  18,  19,  20,  and  21  approximate  these  curves  and  are 
used  to  calculate  the  pressure  ratio  for  different  engines. 

• Turbojet: 


PIIS2/PT2  = 1*019056  ' 


0.0289156 


1.350112 


- 0.664319 


2 


CIS  J 


• Fan  engine:  lil’R  £1.5 


-0.00602627  + 0.080725 


3.16503 


-1.588524 


(19) 


• Fan  engine:  1.5  <BPR  £2.5 


-0.770476  + 0.1482515 


4.371758 


- 2.114969 


(20) 
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Figure  9.  Hammershock  pressure  ratio. 
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• Fan  engine:  2.5<BPR 


Pj^yP.p  = 1.538116  - 0.3029697 


- 0.4653126 


(21) 


As  the  hairmershock  moves  forward  in  the  inlet  duct,  experimental  trends 
show  an  attenuation  behind  the  shock,  due  to  boundary  layer-shock  interaction, 
and  bleed-off  into  boundary  layer  control  plenums  and  bypass  exits.  Figure  10 
shows  a curve  approximating  the  attenuation  between  engine  face  and  inlet 
throat.  Equation  22  is  the  approximation  of  this  curve  that  is  used  in  the 
program. 


Puc/P,*,  * 0.984  - 0.0074  M - 0.0263  M2 
HS1  H52  o o 


(22) 


Design  Pressures 


The  following  factors  are  used  for  converting  limit  pressure  to  ultimate 
design  pressure: 

e Static  pressure  at  ML  - 1.5 
e Hamnershock  pressure  at  Mjj  - 1.5 
e Hamnershock  pressure  at  - 1.2 

These  factors  are  part  of  the  input  data  set  which  may  be  revised  for  a 
specific  design  problem.  The  reduced  safety  factor  for  the  transient  over- 
pressure condition,  referred  to  as  hamnershock,  on  the  Ml  diagram  reflects 
the  current  design  practice.  Use  of  this  reduced  safety  factor  reflects  the 
low  probability  of  simultaneous  occurrence  of  the  two  transient  conditions, 
hamnershock  pressure  and  maximum  attainable  vehicle  speed. 


MATERIAL  PROPERTIES 


Structural  synthesis  procedures  are  dependent  on  the  modeling  of  physical 
;uid  mechanical  properties  of  the  materials  selected  for  structural  design. 
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Mach  number  (M^) 


I'ij;ure  10.  I lamer  shock  attenuation  at  throat. 


Material  descriptions  must  be  in  a fora  that  can  be  used  to  reflect  their 
behavior  under  load  so  that  structures  can  be  synthesized  to  satisfy  conditions 
of  strength,  stiffness,  and  stability. 

Subroutines  MCNTL1,  MATLF1 , and  MATLP2  provide  these  data  by  processing 
properties  stored  in  a material  data  file.  This  file  consists  of  20  records 
which  describe  physical  and  mechanical  properties  of  different  aluminun, 
titanium,  and  steel  alloys.  Each  record  consists  of  the  following  data: 

1.  Material  identification  number  and  descriptive  title 

2.  Density 

3.  Modulus  of  elasticity  at  room  temperature  (80°  F) 

4.  Shear  modulus  of  rigidity  at  room  temperature 

5.  Fatigue  characteristic  (reduction  of  area) 

6.  Stress-strain  and  strength  data  at  different  operating  temperatures 
(a  maximum  of  five  sets  of  data) 

Properties  at  temperatures  other  than  those  described  in  the  data  sets 
are  determined  by  an  interpolation  or  extrapolation  procedure,  'tost  of  these 
properties  are  discrete  allowables  and  characteristics. 

Inelastic  instability  solutions  require  information  given  by  the  com- 
pressive stress-strain  diagram.  Stress-strain  diagrams  of  isotropic  materials 
consist  of  straight-line  portions  reflecting  elastic  behavior  and  curved 
portions  reflecting  plastic  deformations.  Material  file  data  consist  of  the 
definition  of  key  points  on  the  stress-strain  plot.  Proportional  limit  defines 
that  point  on  the  curve  at  which  the  stress-strain  diagram  departs  from  the 
straight  line  that  defines  the  modulus  of  elasticity.  Figure  11  shows  a 
typical  diagram  depicting  the  proportional  limit  and  the  yield  stress  defined 
by  the  0.002  strain  offset  method.  The  true  yield  stress  would  be  used  for 
materials  which  have  a definite  yield  point.  Three  other  points  at  equal 
strain  increments  define  the  curved  portion  of  the  diagram. 

A mathematical  representation  is  used  to  provide  a continuous  descrip- 
tion of  the  elastic  and  plastic  properties  through  the  yield  stress-point 
and  values  for  strain,  tangent  modulus,  and  secant  modulus  (Figure  12).  The 
general  form  of  the  equation  used  to  approximate  the  stress -strain  curve  is: 


( 


< T 

E 


+ 


(23) 
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Strain 


Curve  fit  for  c * f [E,  <r] 

Best  fit  through  (<rp  , epL),  ( <7y,  ey)  and  points 

(V  c2)f  (V  C3)  0R  (V%K 


(7,  Stress  - psi 


Figure  11.  Stress-strain  curve  and  curve  fit  control  points. 
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T.ingent  modulus  - psi ; E , secant  modulus  - psi 


Figure  12.  Material  stress-strain  curve  evaluation  for  elastic  and 

plastic  properties. 
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where 


r 

r 

i 


€ = strain,  in. /in. 

a * stress,  psi 

li  = modulus  of  elasticity,  psi 

A = constant,  function  of  material,  in. /in. 

B * constant,  function  of  material,  1/psi 
e = base  of  the  natural  logarithm 

Ihe  first  term  of  the  equation  approximates  the  linear  region  of  the 
curve  where: 


E - 


°pl 

‘pi 


‘1 


(24) 


Ihe  second  term  fits  the  plastic  region  of  the  stress  strain  curve. 

If  the  curve  passes  through  points  2 and  S,  the  constant  B can  be  determined 
by  substitution  of  the  stress-strain  data. 


B = 


(25) 


and 


A = 


oBa2 


l0%  (<2  ' — > - B02 


(20) 
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Similarly,  the  constants  A and  B can  be  derived  for  curves  passing 
through  points  3 and  5 and  points  4 and  5.  All  of  the  data  points  are  eval- 
uated for  the  least  squares  selection.  The  slope  of  the  curve  provides  the 
values  of  the  tangent  modulus  of  the  material,  the  key  parameter  in  stability 
equations.  Tangent  modulus  is  obtained  by  differentiating  the  equation. 


..  do-  1 
= d<  " df 
dcr 


1 


1 

H 


♦ ABe 


Bo- 


(27) 


By  definition,  tangent  modulus  is  equal  to  the  modulus  of  elasticity  at 
the  proportional  limit  and,  therefore,  deviation  at  this  point  is  also  eval- 
uated in  the  least  square  fit. 

Other  design  properties  obtained  from  the  library  are: 

1.  Poiss ion's  ratio 

2.  Ultimate  tensile  strength 

3.  Ultimate  shear  strength 

4.  Ultimate  bearing  strength 

5.  fatigue  factors,  fraction  of  ultimate  tensile  strength 

Table  2 lists  the  materials  and  alloys  found  in  the  initial  compilation 
of  the  material  data  bank.  To  allow  for  ease  in  identification,  each  material 
is  identified  by  record  number  and  descriptive  title.  This  title  is  always 
included  in  the  output  data  set  describing  the  selected  structural  material 
for  the  individual  vehicle  components  being  analyzed.  This  identification 
of  the  material  used  is  necessary  because  material  alloy  and  form,  along  with 
the  source  of  the  data,  must  be  easily  related  to  the  solution  of  each 
problem.  Data  reflecting  properties  at  several  operating  temperatures  after 
jpecific  exposure  at  temperatures  are  included  in  this  file.  These  properties 
can  be  selected  when  similiar  requirements  are  specified  for  a problem. 

For  additional  discussion  of  the  manner  in  which  materials  properties 
are  established,  refer  to  Volume  IV. 
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INLET  DUCTS  AND  DIFFUSERS 


Inlet  ducts  are  designed  as  pressure  vessels  consisting  of  panels  which 
serve  as  pressure  membranes , and  frames  for  maintaining  the  shape.  Duct  syn- 
thesis and  weight  estimation  are  controlled  by  subroutine  DUCTS.  This  routine 
controls  the  estimating  procedure  by  calling  the  following  geometry,  design 
synthesis,  and  weight  calculation  routines: 


• DCTGEO  Calculates  duct  contour  data  at  duct  cut  stations,  and 

surface  area  and  length  for  segments  bounded  by  cuts. 

• FRMND3  Calculates  frame  synthesis  cut  coordinates  at  each  duct 

cut  station.  Frame  synthesis  cut  coordinates  are  based 
on  equal  segment  lengths. 

• FRMH1D  Calculates  unit  internal  loads  at  frame  segments. 

• DUCPM  Calculates  duct  panel  sizing  at  specified  duct  cut  and 

frame  spacing. 

• DUCFRM  Calculates  sizing  and  weight  of  a single  duct  frame  at 

specified  duct  cut  and  frame  spacing. 

• DUCWET  Calculates  duct  panel  structure  weight. 


Subroutine  DUCTS  controls  a frame  spacing  search  procedure  at  each  of 
the  duct  cut  stations.  The  search  is  conducted  between  predefined  minimum 
and  maximum  spacing.  Spacing  search  starts  at  the  minimum  and  proceeds  at 
fixed  spacing  increments  until  the  lumped  weight  of  panels  and  frames  indicates 
an  upward  trend.  Increase  of  weight  with  increase  in  spacing  or  an  optimum 
less  than  the  initial  spacing  abbreviates  the  search.  A final  sizing  pass 
is  made  at  the  spacing  prior  to  the  upward  trend.  Spacings  are  evaluated 
at  fixed  increments  such  that  the  derived  optimum  spacing  could  be  in  error 
by  a maximum  of  half  the  increment.  Weight- spacing  variations  are,  in 
general,  flat  in  the  region  of  practical  design  limits  such  that  a more 
precise  solution  is  not  consistent  with  the  scope  of  this  program.  If 
required,  spacing  increment  may  be  decreased  by  the  user  to  obtain  refined 
solutions.  Controls  are  also  provided  such  that  frame  spacing  may  be 
restricted  to  a user- determined  input  value. 

Since  all  geometric  constraints  are  established  by  DUCTS,  synthesis  rou- 
tines FRMND3,  FRMFLD,  DUCPNL,  and  DURCFM  are  configured  for  point  design 
solutions.  Methods  of  analysis  used  to  develop  duct  structure  weight  are 
presented  in  the  following  paragraphs. 
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DUCT  GEOMETRY 


Duct  cross-section  geometry  is  defined  at  as  many  as  10  duct  stations 
starting  at  the  inlet  lip,  and  ending  at  the  front  face  of  the  engine.  A one- 
dimensional leading  edge  is  described  by  the  single  dimension;  the  next  duct 
cut  station  describes  the  first  section  at  which  the  duct  is  continuous. 

Ducts  on  a vehicle  are  assumed  to  be  identical  in  shape,  such  that  the 
description  of  a single  duct  is  sufficient.  The  presence  of  bifurcated  inlets 
on  most  current  fighters  which  combine  to  form  a single  duct  at  a point  for- 
ward of  the  engine  face  is  defined  by  description  of  the  lateral  coordinate 
of  the  duct  centerline  relative  to  the  nacelle  center  line  for  podded-engine 
concepts,  or  the  lateral  coordinate  relative  to  the  fuselage  centerline  on 
buried-enginc  concepts.  A lateral  nonzero  coordinate  defines  the  presence 
of  two  ducts  per  nacelle  or  fuselage,  while  zero  indicates  the  presence  of  a 
single  duct.  Thus,  if  synthesis  cuts  are  spaced  close  together  at  the  junc- 
ture, one  defining  the  geometry  immediately  forward,  and  the  other  the  geo- 
metry immediately  aft  of  the  transition,  the  program  is  provided  with  suf- 
ficient logic  to  make  the  rational  evaluation. 

Duct  contour  data  at  duct  synthesis  stations  are  calculated  in  subroutine 
GE0MF1.  Calculations  in  this  routine  determine  shape  parameters  and  perimeter 
at  synthesis  stations.  Segment  data  calculated  in  this  routine  consists  of 
length  and  surface  area. 

Section  geometry  calculations  are  based  on  a family  of  shapes  that  may  be 
defined  by  straight  lines  and  circular  arcs.  A sketch  of  the  general  shape 
and  parameters  at  a cut  follows. 

Either  of  two  input  formats  may  be  used  to  define  the  geometry  at  the  duct 
cuts  (XO) : 

1.  Width  (W),  depth  (D) , lateral  centroid  (Yp) , and  perimeter  (P) 

2.  Width  (W) , depth  (D),  lateral  centroid  (Yp) , and  perimeter 
correlation  factor  (Kc) 
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If  the  perimeter  ;s  not  readily  available,  perimeter  correction  factor 
(Kc)  may  be  used  to  describe  the  shape.  Figure  13  depicts  the  significance 
of  Kc.  The  family  of  rounded  rectangle  shapes  is  defined  within  the  region 
bounded  by  the  curves  for  rectangular,  vertical  oval,  and  horizontal  oval 
shapes.  The  intersection  point  of  the  curves  for  horizontal  and  vertical 
ovals  represents  a circular  cross  section.  The  perimeter  is  defined  by  the 
relationship. 


P * Kc  y (D  ♦ W)  (28) 


where 


Kc  a 1.0  indicates  a circular  shape 
Kc  = 1.273  indicates  a rectangular  shape 
The  perimeter  is  defined  as: 


V = 4 (DOD  + WOD)  + 2irR0D 


(29) 
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and 


WOD  = (W  - 

2ROD)/2 

(30) 

DOD  = (D  - 

2ROD)/2 

(31) 

substituting  and  solving  for  the  corner  radius: 


ROD 


2D  * 2 W - l1 

8 - 2tt 


(32) 


If  the  input  parameters  result  in  ROIKO  or  2R0I)>W  or  D,  the  perimeter  is 
maintained  and  the  parameters  ROD,  POD,  and  WOP  are  adjusted  by  a factor  K. 

If  ROIKO,  the  shapr  is  adjusted  to  represents  a rectangle  in  the  follow- 
ing manner: 


ROD 

= 0 

(33) 

P = 

K (2D  + 2W) 

(34) 

K * 

P 

(35) 

2D  ♦ 2K 

If  2R0P>W  or  D,  the  shape  is  adjusted  to  represent  a horizontal  or 
vertical  oval  in  the  following  manner: 

ROD  * minimum  of  W/2  or  i)/2 
X - maximum  of  W or  1) 

PER  - K (2ttR0P  ♦ 2 (X  - 2ROD)) 

K= £ 

2ttR0P  + 2 (X  - 2ROD) 


(36) 

(37) 

(38) 

(39) 
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Then  the  adjusted  values  for  DOD,  WOD,  and  ROD  are: 


WOD  - K (W  - 2ROD)/2 
DOD  - K (D  - 2 ROD)/ 2 
ROD  - K (ROD) 


(40) 

(41) 

(42) 


Should  the  geometry  require  adjustment  by  "K,"  a warning  message  is 
printed  to  indicate  the  amount  of  adjustment  made  to  the  depth  and  width  at 
the  section. 


At  each  cut  station,  duct  panels  are  divided  into  four  sectors  represent- 
ing the  upper,  lower,  and  two  sides.  A 45-degree  angle  is  used  to  define  the 
limits  of  these  sectors. 


(Upper  panel) 


The  peripheral  length  of  the  cover  elements  in  these  sectors  are: 


BUD  - BLD  - 2 WOD  + y ROD 

(43) 

BSD  = 2 DOD  ♦ y ROD 

(44) 
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Segment  geometric  data  are  calculated  from  the  cut  data.  The  subscript 
r is  used  in  the  discussion  that  follows  to  denote  the  segment  bounded  by 
cuts  j-1  and  j.  Segment  length  (DLXD)  is  determined  by  taking  the  difference 
between  adjacent  cuts.  Surface  area  (SFD)  is  calculated  by  using  the  average 
perimeter  (equation  45): 


SFD  - DLXD  (P.  ♦ P.  J/2  (45) 

n n j j-1'  v ' 

A one -dimensional  leading  edge  is  described  by  the  single  dimension;  the 
next  synthesis  cut  describes  the  first  section  at  which  the  duct  is  continuous. 
One -dimensional  leading  edge  surface  area  and  centroid  are  determined  from 
geometric  data  at  the  first  two  cuts.  For  vertical  leading  edges,  there  are 
two  possibilities;  a third  case,  although  improbable,  is  also  programmed. 

Case  where  lateral  coordinates  (YQ)  at  stations  1 and  2 are  both  positive: 
SH)1  = DLXD1  (D  ♦ BSD2  ♦ BUD2  ♦ ELD  ) (46) 

where 

SFD  * duct  lip  surface  area 
DLXDj  = leading  edge  segment  length 
D^  * depth  at  station  1 

BSD,,  * peripheral  length  of  duct  side  sector  at  station  2 

BUD  = peripheral  length  of  duct  upper  sector  at  station  2 

BLD.,  * peripheral  length  of  duct  lower  sector  at  station  2 

Ihe  foregoing  calculation  accounts  for  two  separated  inlets  as  would  occur 
for  fuselage-buried-engine  concepts  with  side  inlets.  A flat  pattern  repre- 
sentation of  one  of  these  inlet  surfaces  follows. 

Case  where  lateral  coordinate  at  station  1 is  zero  and  at  station  2 is 
positive: 


SFD1 


• DLXD1 


( 


1^2) 


♦ BUD2  ♦ BLD2 


(47) 
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Equation  47  represents  the  case  where  there  are  two  inlets  per  nacelle  or,  on 
fuselage -buried  engine  concepts,  two  inlets  with  a common  vertical  splitter. 

Case  where  lateral  coordinate  at  stations  1 and  2 are  both  zero: 


DLXI) 

SFD1  = — y±  a>x  ♦ BSD  * BUU2  ♦Bliy  (48) 

For  horizontal  leading  edges,  there  are  two  possibilities.  Case  where 
the  lateral  coordinate  at  station  2 is  zero  is  calculated  by  equation  49. 

This  situation  represents  a single  inlet  per  nacelle  or  fuselage. 

! 

. 

DI.XI) 

SFD.  « — =-±  (W.  ♦ BUD  ♦ 2 BSD.)  149) 

1 L i l i.  ; 

tj 

' 

where  • 

a width  of  inlet  lip  at  station  1 
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rhe  case  where  the  lateral  coordinate  at  station  2 is  positive  represents 
two  inlets  per  nacelle  or  fuselage  and  is  calculated  by  equation  50. 


SFDj  ■ l)LXD1  |wi  ♦ BUL)2  ♦ | BSDJ  (50 j 


DUCT  PANEL  SYNTHESIS 

Duct  panel  thickness  requirements  at  continuous  duct  sections  are  calcu- 
lated in  subroutine  DUCPNL.  The  synthesis  approach  assumes  that  the  internal 
pressure  is  beamed  to  the  frames  by  the  combined  bending  and  diaphragming 
action  of  the  cover  panels. 


Strength  and  Deflection  Equations 

Strip  theory  is  used  to  evaluate  the  combined  bending  diaphragm  action. 
The  maximum  cover  stress  occurs  at  the  supports.  The  bending  moment  is  maxi- 
mum at  the  edges,  goes  through  an  inflection  point,  and  is  smaller  at  the  mid- 
span. Combined  bending  and  diaphragm  action  result  in  the  second  highest 
stresses  occurring  at  the  midspan.  Therefore,  single-thickness  covers  are 
design  by  the  stress  at  the  edges.  Land  thickness  for  milled  cover  panels  is 
determined  by  the  edge  stress,  and  the  field  thickness  is  determined  by  the 
stress  at  the  midspan.  The  analytical  solutions  are  expressed  by  numerical 
values  of  dimensionless  coefficients  in  Reference  4.  This  same  information 
is  presented  as  curves  in  the  Royal  Aeronautical  Society  notes.  The  log- log 
plot  of  these  curves  (Figure  14)  suggests  a numerical  approximation.  The 
derivation  of  thickness  as  an  explicit  function  of  these  variables  is  obtained 
by  a curve  fit  approach. 

The  curve  fit  approximation  at  the  edge  of  the  panel  is: 


or 


t 


1.640  b P 

a 


0.894 

17288 


]:0.394 


(51) 
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where 


t ■ panel  thickness,  in. 
b ■ frame  spacing,  in. 

P ■ limit  duct  pressure,  psig 

E = duct  material  modulus  of  elasticity,  psi 

<r  * duct  material  limit  allowable  tensile  stress,  psi 

The  midspan  thickness  and  deflections  are: 

t(7)2—^[l(T)4]°-55S96 


or 


1.3769  b P2,484  „1.984 
1 0-4.467  E 


(52) 


and 


| * 0.206 


0.4 


or 


t 


0.071853 


5/3 


(53) 


where 

6 = allowable  panel  deflection,  in. 
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In  the  foregoing  equations,  stress  and  pressure  are  expressed  in  terms  of 
limit  rather  than  ultimate  design.  This  is  a normal  design  practice  when 
internal  loads  are  dependent  on  deflected  shape. 

liquations  51,  52,  and  53  are  used  in  a systematic  check  of  strength  and 
deflection  requirements  for  pressures  at  the  nine  speed  profile  points.  Mini- 
mum gage  and,  for  milled  panel  designs,  an  additional  constraint  of  maximum 
allowable  ratio  of  land  thickness  to  field  thickness  are  also  evaluated  to 
determine  the  duct  sizing. 


Allowable  Stress 


Allowable  limit  stress  is  obtained  by  evaluating  ultimate  strength  and 
allowable  stress  under  cyclic  loading.  Previously  discussed  safety  factors 
are  reiterated  as  follows: 


• Static  pressure  at  -1.5 

• Ilammershock  pressure  at  - 1.5 


• Ilammershock  pressure  at  - 1.2 

Limit  allowable  tensile  stress  is  obtained  by  dividing  the  duct  material 
ultimate  tensile  strength  at  the  pressure  condition  temperature  by  the 
appropriate  safety  factor. 


Inlet  pressures  are  cyclic  occurrences  that  subject  the  duct  to  possible 
fatigue  failure.  The  maximum  allowable  stress  to  prevent  fatigue  failure  is 
a preprogrammed  fraction  (0.5)  of  the  material  ultimate  tensile  strength. 
Limit  allowable  stress  corresponding  to  static  pressure  on  the  Ml  profile  is 
the  lower  of  either  that  which  satisfies  strength  or  fatigue.  Hammershock 
pressures  are  only  investigated  for  strength  requirements. 


Allowable  Deflection 

Duct  panel  deflection  is  evaluated  for  static  pressures  on  the  Ml  profile. 
Allowable  deflection  constraints  are  predefined  nondimens ional  parameters  based 
on  frame  spacing  in  the  form  of  6/b.  This  predefined  allowable  deflection  for- 
ward of  the  throat  is  0.03  inch  per  inch  and  is  0.06  from  the  throat  to  the 
engine  face.  Difference  between  these  two  values  is  attributed  to  flow  field 
disturbance  being  detrimental  to  inlet  performance  at  the  throat  and  less  so 
upon  expansion  of  the  air  aft  of  the  throat.  If  available,  user  input  data 
can  be  used  to  override  these  deflection  constraints. 


Duct  lv eight 


Duct  weight  calculations  are  performed  in  subroutine  DUCWET.  The 
procedure  consists  of  evaluating  a one-dimensional  leading  edge  segment,  nor- 
ul  continuous  cross-section  duct  segments,  and  segments  blanked  by  the  pre- 
sence of  two-dimensional  variable  geometry  ramps. 

The  leading  edge  segment,  should  it  occur,  is  assumed  to  consist  of 
structure  forward  of  the  first  complete  cross-section  defined  at  the  second 
duct  cut.  This  leading  edge  segment  is  estimated  at  4 pounds  per  square  foot 
of  surface  area. 

Weight  calculation  for  the  remainder  of  the  inlet  duct  panels  is  based  on 
a linear  taper  of  thickness  between  duct  cuts.  Should  two-dimensional  ramps 
exist,  areas  blanked  by  ramps  are  not  required  and,  therefore,  are  deleted  in 
the  weight  calculation. 

A weight  correlation  factor  is  applied  to  the  resultant  weight.  This 
factor  is  considered  to  be  a calibration  factor  which  accounts  for  design 
parameters  and  unique  conditions  not  considered  in  the  analysis. 


DUCT  FRAME  SYNTHESIS 

Duct  frames  are  synthesized  at  duct  cut  stations  with  continuous  duct 
sections.  Pressure  acts  at  the  duct  surface  and  is  reacted  by  a frame  with 
a neutral  axis  half  a frame  depth  outside  the  duct  lines.  Pressure  reacted 
by  the  frame  is  defined  as  the  loading  due  to  pressure  times  frame  spacing. 

ihe  elastic  center  method ^ is  used  to  derive  internal  loads  at  as 
many  as  60  frame  segments.  In  this  approach,  ring  distortions  due  to  axial 
and  shear  forces  are  neglected,  based  on  the  premise  that  these  distortions  are 
small  compared  to  bending  distortions.  Iteration  on  internal  loads,  sizing, 
and  flexibility  are  not  included  in  this  approach.  Iteration  cycles  have 
been  omitted  to  minimize  computer  execution  time.  Another  economic  considera- 
tion is  the  judicious  use  of  the  number  of  frame  segments.  Although  the 
capability  for  evaluating  60  frame  segments  has  been  programmed,  the  evalua- 
tion of  20  synthesis  segments  should  provide  reasonable  accuracy. 


Frame  Geometry 

Frame  inner  cap  coordinates  at  a duct  cut  station  are  calculated  in  sub- 
routine FRMND3.  Duct  contour  data  are  used  to  calculate  these  coordinates. 
Cuts  are  located  to  provide  segments  of  equal  length  (DLS)  with  the  first  and 
last  cuts  at  the  top  centerline  of  the  frame.  Since  frame  structure  extends 
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outside  the  duct  mold  line,  neutral  axis  coordinates  are  then  calculated  in 
FRMliLD  by  projecting  outward  a distance  equal  to  half  the  frame  depth.  In 
the  following  sketch  and  discussions,  the  subscript  i designates  a cut,  and  j 


I 

i 

'M 

f 

I 


J 

<: 

I 

i 


Perimeter  of  the  outer  cap,  (P),  and  perimeter  of  the  frame,  (PP),  are 


calculated  by  the  following  summations. 

2 

p - Li.ls. 

J 

(54)  § 

PP  * L DLSP. 

J 

(55) 

* 

4 

'A 
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lor  most  duct  frames,  the  Z-axis  is  the  axis  of  symmetry  for  both  ring 
geometry  and  flexibility.  Therefore,  the  rigid  arm  in  the  elastic  center 
method  is  assumed  to  be  attached  to  the  top  centerline  of  the  ring.  The  posi- 
tive sign  convention  and  location  of  redundants  and  pressure  forces  are 
shown  in  the  following  sketch. 


Since  one  of  the  assumptions  is  that  frame  flexibility  is  constant,  unity 
may  be  used  for  stiffness  (Ij),  and  the  elastic  center  and  the  geometric 
neutral  axis  are  identical.  The  elastic  center  (ZZS)  is  determined  by: 


:pb.  DLSP. 


J. 


ZZS 


I. 


J 


DLSP. 


SZB.  DLS. 

2 L 

DDLS. 

J 


(56) 


The  section  inertia  about  the  two  reference  axes  are: 


IOZ  « EYPB2  DLSP. 

J J 


(57) 


IOY  = 


(58) 
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Unit  Internal  Frame  Loads 


Since  pressure  acts  normal  to  the  inner  cap  surface  and  is  uniform 
around  the  section,  internal  loads  for  any  frame  shape  can  be  determined  on 
the  basis  of  unit  pressure  loading.  Unit  internal  loads,  when  multiplied  by 
the  design  pressure  provide  the  design  loads.  Subroutine  FRMELD  calculates 
these  unit  internal  loads.  Dimension  of  the  unit  pressure  load,  (p) , is 
1.0  lb/ in.  in  the  equations  and  discussions  that  follow. 

Static  frame  moment,  vertical,  and  horizontal  loads  are  determined  by 
combining  effects  of  the  unit  pressure  forces.  Static  moment  at  any  cut  is 
calculated  by  equation  59. 


BM 


I.  = P r c - Z .)(ZP.  -ZB  J + (Y  - Y ,) 
a " n n-r  i n-r  n n-1 


(59) 


(YP.  - YB  .) 
l n-1 


Static  vertical  force  at  any  cut  is  calculated  by  equation  60. 


vi-p  s <VVi) 

n*2 


(60) 


Static  horizontal  force  at  any  cut  is  calculated  by  equation  61. 


A.  = P Y.  (Z  - Z J 
i " n n-1 

n*2 


(61) 


Due  to  ring  symmetry  about  the  Z-axis,  the  redundants  at  the  elastic 
center  are  calculated  by  the  three  independent  equations.  These  equations  are 
further  simplified  by  the  assumption  that  ring  flexibility  (El)  is  constant. 


BMO  = 


^ M DLSP 

**  El 

Edlsp 

El 


SM  DLSP 
PP 


(62) 


SWtt 


65 


The  unit  internal  ring  bending  moment,  shear,  and  axial  loads  at  any  seg- 
ment are  obtained  by  taking  the  average  of  the  loads  at  bounding  cuts  and  the 
loads  due  to  the  redundants. 
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Frame  Synthesis  and  Weight 

Duct  frame  synthesis  and  weight  calculations  are  performed  in  subroutine 
DUCFRM.  The  sizing  approach  assumes  shear  resistent  webs  with  the  caps 
determined  by  material  allowable  and  flange  crippling.  Frame  stiffeners  are 
assumed  to  be  one  gage  greater  than  the  web  gage.  The  structure  model  and 
geometric  constraints  are  shown  in  the  following  skerch. 


* 


Frame  segments  are  sized  for  hammershock  pressures  on  the  Mu  and  Ml 
profiles  and  for  static  pressures  on  the  Ml  profile.  Sizing  for  each  pressure 
condition  is  compared  with  minimums  and  sizing  that  satisfied  all  previous 
pressure  conditions.  Since  each  condition  may  be  at  a different  structure 
design  temperature,  material  properties  at  the  appropriate  condition  are  used. 
Ultimate  loading  on  the  frame  is  determined  by  equation  68. 


w « W b FS  (68) 


where 

w * frame  loading,  lb/in. 

W = limit  gage  pressure,  psig 

b * frame  spacing,  in. 

FS  = factor  of  safety: 

1.5  for  static  pressure  at  Ml 
1.5  for  hammershock  pressure  at  M^ 
1.2  for  hammershock  pressure  at  Ml 


The  limit  gage  pressure  (IV)  at  the  duct  cut  station  is  obtained  by  interpolat- 
ing between  pressures  at  the  throat  and  at  the  engine  face.  Maximum  cap  load 
at  a frame  segment  (j)  is  obtained  by  equation  69. 


FA.  * w 
J 


where 


FA. 

J 

BLN. 

J 

FD 


A A. 
J 


* cap  load,  lb 

* unit  internal  bending  moment,  in. -lb/ (lb/in. ) 
= frame  depth,  in. 

unit  internal  axial  load,  lb/(lb/in.) 


(69) 
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Cap  area  that  satisfies  strength  is 


c K F 


where 


a • 2 

Ac  * cap  area,  in. 

K * reduction  factor  on  allowable  stress  (0.9) 

F * frame  material  compression  yield  stress,  psi 


Flange  crippling  allowable  is 


^ £ 1 2 TCAP  \ 2 


7T  L /, 

~ — r - 

2 a-ti  ) ' 


where 


K * flange  crippling  coefficient  (0.426) 
c 

Equating  strength  and  crippling  stress  and  solving  for  cap  thickness, 


\ ^ ^ / 7 j’( 

K F ■ F — U— 

cy  CCR  12  J \ BC 


1 2 TCA?\ 
\ BC2  I 


2)  CAP 
BC2 


K Fcy  12  Cl-M  ) 


k nc  E 
c 


where 


?su  = frame  material  ultimate  shear  strength,  psi 


W.  = unit  internal  shear,  lb/ (lb/ in.) 

Making  the  web  shear  resistant  and  equating  shear  stress  and  crippling 
stress,  the  web  thickness  is 


F 

SCR 


K rr  “ E 

_s 

12(1-m2) 


w W. 
J 


FD  TW 


where 

= shear  crippling  coefficient  (7.5) 


(76) 


(77) 


ihe  final  web  thickness  is  the  maximum  of  that  required  for  shear  resistance, 
shear  strength,  or  half  the  cap  thickness. 
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After  all  load  conditions  have  been  evaluated,  the  frame  weight  is 
calculated  by  the  summation  of  cap  web  and  stiffener  volume. 


TOT  - £ |BB2j  (TWOT  +0.005)  ♦ TCC..  2 BB2^  ♦ 


TWW.  FDl  DLSP. 

3 J 3 


RHO 


where 


TOT 


BB2.  - 
J 

TWW.  - 
J 

TCC . - 
J 

RHO  - 


weight  of  one  frame  at  duct  cut  station,  in. 
BC2,  cap  width  at  a frame  segment,  in. 

TW,  web  thickness  at  a frame  segment,  in. 
TCAP,  cap  thickness  at  a frarn^  segment,  in. 

3 

frame  material  density,  lb/in. 


TWO-DIMENSIONAL  VARIABLE -GEOMETRY  RAMPS 


(78) 


Variable  geometry  ramp  structures  are  designed  by  differential  pressures 
between  the  inlet  and  the  plenum  compartment  behind  the  ramps.  The  critical 
design  pressure  condition  is  determined  in  subroutine  I £CRT  by  investigating 
hammershock  pressures  at  points  on  the  vehicle  speed-a  itude  profile.  Syn- 
thesis and  weight  calculations  for  two-,  three-,  and  tour-ramp  variable- 
geometry  systems  are  performed  in  subroutine  RAMPS.  Procedures  in  RAMPS 
consist  of: 

1.  Calculation  of  design  pressure  differentials  for  each  ramp  panel 

2.  Calculation  of  local  reactions  based  on  equations  of  static 
equilibrium  and  component  design  loads 

3.  Structural  synthesis  based  on  loads  and  construction 

4.  Tests  against  minimum  practical  structure 


■*'***  Wfc. MferSfig 
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RAMP  DESIGN  PRESSURE 


Hammershock  pressure  at  each  of  nine  points  on  both  the  level  flight 
maximum  speed  and  limit  speed  envelopes  are  investigated  for  critical  ramp 
design  pressure.  Subroutine  PRECRT  selects  the  critical  pressure  for  use  by 
the  variable -geometry  ramp  synthesis  routine,  RAMPS. 

On  two-dimensional  variable-geometry  inlet  systems,  boundary  layer  is  bled 
through  the  ramps  into  plenum  compartments  located  behind  the  ramps.  In  order 
to  minimize  ramp  weights,  plenum  pressures  are  maintained  as  close  as  possible 
to  the  average  of  buzz  and  hammershock,  but  at  a level  which  maintains  a posi- 
tive pressure  differential  between  the  inlet  and  plenum  for  steady-state 
conditions.  The  structural  design  condition  for  the  rairps  is  assumed  to  occur 
during  a hammershock  condition  when  the  pressure  differential  is  presumed  to 
be  at  its  maximum  level. 

Different  safety  factors  are  used  to  convert  limit  pressure  to  ultimate 
design  pressure.  The  rationale  behind  use  of  these  factors  has  been  pre- 
sented in  the  paragraphs  discussing  pressure  derivation.  These  safety  factors 
(FACT)  are  as  follows: 

• Hammershock  pressure  at  - 1.5 

• Hammershock  pressure  at  - 1.2 

Structure  temperature  and  corresponding  material  properties  vary  with 
pressure  condition.  The  procedure  for  selecting  design  pressure  evaluates 
these  parameters.  At  each  pressure  condition,  the  ratio  (PHS/FCY)  of  ulti- 
mate hammershock  pressure  to  compression  yield  strength  is  calculated.  Values 
of  this  ratio  are  compared  for  all  conditions,  and  the  parameters  attendant 
with  the  largest  value  of  this  ratio  are  selected  for  ramp  design.  Following 
are  parameters  selected  at  the  design  pressure  condition: 

2 

PHS  * ultimate  absolute  design  hammershock  pressure,  lb/ in. 

FCY  « ramp  material  compression  yield  stress,  lb/in. 2 

FSU  ■ ramp  material  ultimate  shear  strength,  lb/ in. 2 

DENS  * ramp  material  density,  lb/in.1 2 3 

XMAT  ■ material  type  identification 

1 ■ aluninum 

2 * titanium 

3 * steel 
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The  user  has  the  option  of  inputing  the  foregoing  design  pressure 
condition  data.  Input  of  these  data  precludes  the  execution  of  PRECRT. 

These  design  pressure  parameters  define  the  absolute  inlet  pressure  con- 
dition. Since  data  pertaining  to  plenum  and  ramp  bleed  are  normally  not 
available  in  the  preliminary  design  phase,  ramp  pressure  differentials  are 
estimated  as  fractions  of  the  ultimate  hajimershock  pressure.  Estimated  per- 
centages are  used  in  the  ramp  synthesis  routine,  RAMPS,  to  calculate  local 
design  pressure  differential. 


RAMP  SYNTHESIS  METHODS  AND  ASSUMPTIONS 

This  program  evaluates  either  conventional  stiffened  sheet  or  honeycomb 
construction  ramp  panels.  Figure  15  shows  the  structural  model  of  a stiffened 
sheet  construction  ramp.  The  ramp  is  assumed  to  consist  of  a panel,  which 
resists  longitudinal  loads,  and  transverse  hinge  beams  at  the  forward  and  aft 
edges.  Two  hinge  points  are  located  on  each  hinge  beam  at  a fraction,  Ky,  of 
the  ramp  width.  Should  an  actuator  be  located  on  the  ramp,  an  actuator  beam 
is  also  present.  This  beam  is  assumed  to  be  similar  to  the  hinge  beam,  except 
that  beam  depth  may  be  greater  than  the  panel  depth. 

The  basic  assumption  in  the  synthesis  approach  is  that  elements  may  be 
identified  as  shear  members  and  axial  members,  and  that  these  elements  may  be 
sized  for  shear  and  bending  moment,  respectively.  Ramps  are  either  pinned 
jointed  at  both  ends  or  pinned  at  one  end  with  rollers  on  the  other.  Ramps 
with  both  edges  pin- jointed  may  have  axial  load  introduced  at  the  hinges.  This 
axial  load  is  assumed  to  be  negligible  compared  to  bending  moment  and,  there- 
fore, is  not  considered  in  the  sizing  calculations.  However,  axial  load  is 
considered  in  the  equations  for  system  static  equilibrium. 

Since  structure  sized  by  loads  may  represent  less  than  minimum  gage 
structure,  tests  on  minimum  weight  are  also  performed.  Final  estimated 
weights  for  each  of  the  analytically  calculated  elements  are  derived  by  apply- 
ing indexing  factors.  These  factors  are  considered  to  be  calibration  factors 
for  design  parameters  and  unique  conditions  that  are  not  considered  in  the 
analysis.  Index  factors  are  determined  by  program  calibration  runs  on  existing 
hardware. 

Basic  geometry  and  design  data  are  shown  in  Table  3.  Predefined  values, 
which  may  be  revised  by  user  input,  are  also  presented  in  this  table. 
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TABLE  3.  BASIC  RAMP  GEOMETRY  AND  DESIGN  DATA 


FORTRAN 

Name 

Engrg 

Symbol 

Value 

Description 

DADH 

P 

a 

0.1 

Adhesive  density  per  honeycomb 
panel  facesheet,  psf 

DCORE 

P 

c 

4.4 

Honeycomb  core  density,  lb/ft3 

DENS 

P 

Ramp  material  density,  lb/ in. 3 

Fa 

F 

cy 

Ramp  material  compression 
yield  stress,  psi 

FSU 

Fsu 

Ramp  material  ultimate  shear 
strength,  psi 

PHS 

Ultimate  absolute  hammershock 
pressure,  psia 

W1 

w,w1 

Width  of  ramp  1,  in. 

W2 

w,w2 

Width  of  ramp  2,  in. 

W3 

w,w3 

Width  of  ramp  3,  in. 

W4 

w,w4 

Width  of  ramp  4,  in. 

XCL 

^CL 

0.9 

Ratio  of  effective  height 
between  axial  members  to 
total  panel  depth  (stiffened 
sheet  construction  only) 

xcr 

Ka 

0.9 

Ratio  of  effective  height 
between  transverse  beam  caps 
to  total  beam  depth  (stiff- 
ened sheet  construction 
only) 

xra 

^CY 

0.5 

Ratio  of  allowable  compres- 
sion stress  to  compression 
yield  stress  (stiffened 
sheet  construction  only) 
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TABLE  3.  BASIC  RAMP  GEOMETRY  AND  DESIGN  DATA  (CONCL) 


FORTRAN 

Name 

Engrg 

Symbol 

Value 

Description 

XFSU 

^SU 

0.5 

Ratio  of  allowable  shear 
stress  to  ultimate  shear 
strength  (stiffened  sheet 
construction  only) 

XL1 

L,L1 

Length  of  ramp  1,  in. 

XL  2 

l,l2 

Length  of  ramp  2,  in. 

XL3 

l,l3 

Length  of  ramp  3,  in. 

XL4 

l,l4 

Length  of  ramp  4,  in. 

XIV 

“k 

0.25 

Ratio  of  hinge  position  from 
panel  edge  to  panel  width 
(0.25  5^50.5) 

Panel  Synthesis 


For  the  arrangement  and  pressure  loading  (P)  in  Figure  15,  the  reactions 
and  shear  and  bending  moment  diagrams  are  shown  in  the  sketch. 


where 


P * differential  pressure,  psi 

Maximum  shear,  S,  occurs  at  the  hinge,  and  the  maximum  moment,  M,  occurs  at 
midspan. 


S - 


V 

2 


(79) 


. pA  vl 
8 8 


(80) 
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V - PWL 


* 
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Stiffened  Sheet  Construction 

Bending  moment  is  assumed  to  be  reacted  by  the  cover  and  longitudinal 
beam  caps.  Axial  load,  F,  and  required  area,  A,  are  calculated  by  equa- 
tions 81  and  82. 


F 


(81) 


F 

^FCY  FCY 


kclh  ^CY  fcy 


(82) 


where 


H » panel  depth,  in. 
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Shear  flow,  reacted  by  longitudinal  beam  webs,  and  required  web  thickness 
are  calculated  by  equations  83  and  84. 


q 


(83) 


t 


a § 

^su  Fsu  *clh  ^su  Fsu 


(84) 


Panel  weight  can  then  be  calculated  by  equation  85  which  combines  axial 
load  elements  and  shear  members. 


WTL  * ILP(2ALL  + tHL) 


where 

IL  ■ panel  weight  correlation  factor 
Honeycomb  Panel  Construction 

For  honeycomb  panels,  bending  moment  is  reacted  by  the  facesheets,  and 
shear  is  reacted  by  the  honeycomb  core.  Since  all  of  the  axial  load  is 
reacted  by  the  facesheets,  panel  depth  is  assumed  to  be  the  effective  couple 
arm.  Furthermore,  due  to  stabilization  by  the  core,  the  allowable  facesheet 
stress  is  assumed  to  be  equal  to  the  material  compression  yield  stress.  Equa- 
tions 86  and  87  are  used  to  calculate  axial  load  and  facesheet  area. 


F 


(86) 


A 


M 


II  F 


CY 


(87) 
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Panel  weight  is  calculated  by  equation  88,  which  combines  facesheet, 
core,  and  bonding  material. 


2PM  'c™2PaW\ 
H Fcy  1728  144  ) 


(88) 


Hinge  and  Actuator  Beam  Synthesis 


For  the  assumed  arrangement  (Figure  15),  hinge  or  actuator  loads  are 
assumed  to  be  distributed  to  the  panel  as  a uniform  shear  flow.  With  this 
assumption,  shear  and  bending  moment  diagrams  can  be  constructed  as  shown  in 
the  sketch. 


R/W 


In  the  foregoing  diagrams,  the  maximum  shear  and  moment  occur  at  the 
hinge  point.  This  is  true  when  the  value  of  1C.  is  equal  to  or  greater  than 
0.25.  w 
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Stiffened  Sheet  Construction 


Transverse  beam  cap  area  and  web  thickness  can  be  calculated  by  using 
equations  89  and  90,  which  are  obtained  by  substituting  terms  in  equations  81 
through  84. 


M 


k2  RW 
w 


^ Kcrn  ^fcy  fcy  2 kcth  kfcy  fcy 

V 


^T**  ^su  Fsu 


(89) 


(90) 


where 

H ■ panel  depth  for  hinge  beams  or  actuator  beam  depth,  in. 

Weight  of  one  hinge  beam  or  actuator  beam  is  calculated  by  equation  91. 

WTt  = IT  P (2/ytf  ♦ tT  HW) 

.W  / V . 

Kcr  \hkfcy  fcy 


where 

IT  « transverse  beam  weight  correlation  factor 
Honeycomb  Construction 

Transverse  beams  on  honeycomb  panels  are  assumed  to  be  stabilized  by  the 
core.  Weight  is  calculated  by  equation  92  which  assumes  fully  effective  cap 
and  web  material. 


(92) 
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Minimum  Weight 


Minimum  practical  structure  is  not  considered  in  the  preceding  synthesis 
and  weight  formulations.  To  preclude  ramp  weights  that  are  not  practical, 
minimum  structure  weight  is  compared  with  structure  weight  based  on  loading, 
and  the  heavier  weight  is  used.  Minimum  weight  structure  is  calculated  for 
the  same  size  ramp  with  assumed  practical  minimum  type  construction  and 
material  gages. 

Predefined  fabrication  minimums  are  shown  in  Table  4.  Thickness  and 
density  values  in  this  table  may  be  revised  by  user  input. 


Panel,  Stiffened  Sheet  Construction 

Minimum-weight  panel  is  assumed  to  consist  of  two  cover  panels  and  four 
longitudinal  beams,  as  shown  in  Figure  12.  Weight  is  calculated  by 
equation  93. 

W1ML  - ImPL  (K  (tf  ♦ tr ) ♦ 4 (3tc  ♦ HtJ)  (93) 


where 

IM  * minimum-weight  correlation  factor 


Panel,  Honeycomb  Construction 

Minimum  honeycomb  panel  weight  is  calculated  by  equation  94. 

™-  • VL  (2  p V nt-8  * m)  <94> 


Transverse  Beams 

Cross-section  geometry  of  a minimum  transverse  hinge  beam  is  identical  to 
that  of  a longitudinal  beam.  Weight  is  calculated  by  equation  95. 

WIMT  = IPW  (3t  + HtJ  (95) 


. w„ 
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TABLE  4.  RAMP  STRUCTURE  MINIMJM  GAGES  AND  DENSITIES 
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Minimum  actuator  beam  weight,  WTMA,  is  also  calculated  by  equation  95. 
Actuator  beam  depth  is  substituted  for  panel  depth,  H,  in  the  foregoing 
equation. 


TWO- RAMP  SYSTEM 

Figure  16  is  a schematic  diagram  illustrating  pressure  forces,  actuator 
location,  and  geometry  assumptions  for  a two -ramp  system.  Basic  geometry, 
pressure,  material  properties,  and  minimum  gage  data  and  symbols  are  pre- 
sented in  Tables  3 and  4.  Additional  detail  input  data  are  shown  in  Table  5. 
Predefined  values,  which  may  be  revised  by  user  input,  are  also  presented  in 
these  tables. 

Ramp  2 in  a two-ramp  system  is  always  assumed  to  be  stiffened  sheet  con- 
struction. Ramp  1 may  be  specified  to  be  either  honeycomb  or  stiffened  sheet 
structure. 


Ramp  Structure  Geometry 


Panel  lengths  and  widths  are  user  input  data.  Panel  depths  are  defined 
as  fractions  of  length  and  or  width.  Actuator  beam  depth  is  defined  as  a 
fraction  of  panel  width.  Depth  of  ramps  1 and  2 (H. , H ) are  calculated  as 
follows:  1 L 


Maximum  of  (X!rr2  W,  or  XH21  L ) 

(96) 

Maximum  of  (XHT2  W£  or  XH22  l ) 

(97) 

Actuator  beam  depth  is  calculated  by  equation  98. 


,!A2  * ^ W2 


(98) 
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TABLE  5.  TWO- RAMP  SYSTEM  VARIABLES 


| 


FORTRAN 

Name 

Engrg 

Symbol 

Value 

Description 

ALPHA2 

a 

30.0 

Angle  between  projected  face  of 
ramp  1 and  ramp  2,  deg 

XHTA2 

0.15 

Actuator  beam  depth  to  panel 
width  ratio  for  ramp  2 

XITT2 

0.1 

Panel  depth  to  width  ratio  for 
each  ramp 

XH21 

0.1 

Panel  depth  to  length  ratio 
for  ramp  1 

XH22 

0.07 

Panel  depth  to  length  ratio 
for  ramp  2 

XIL21 

*L 

1.0 

Ramp  1 panel  weight  correla- 
tion factor 

XIL22 

1.0 

Ramp  2 panel  weight  correla- 
tion factor 

XIM21 

*M 

1.0 

Ramp  1 minimum  weight  correla- 
tion factor 

XIM22 

1.0 

Ramp  2 minimum  weight  correla- 
tion factor 

XITAH2 

!t 

1.0 

Ramp  2 aft  hinge  beam  weight 
correlation  factor 

XITA2 

*T 

1.0 

Ramp  2 actuator  beam  weight 
correlation  factor 

XITFH2 

XT 

1.0 

Ramp  2 forward  hinge  beam 
weight  correlation  factor 

XIT21 

!t 

1.0 

Ramp  1 hinge  beam  weight 
correlation  factor 
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TABLE  5.  TWO -RAMP  SYSTEM  VARIABLES  (CONCL) 


FORTRAN 

Name 

Engrg 

Symbol 

Value 

Description 

XK21 

Ki 

0.2 

Fraction  of  length  of 
ramp  2 from  forward  edge  to 
actuator  location 

XK22 

*2 

0.8 

Fraction  of  length  of 
ramp  2 from  aft  edge  to 
actuator  location 

XP21 

0.5 

Differential  pressure  on 
ramp  1,  fraction  of  ultimate 
hammershock  pressure 

XP22 

0.4 

Differential  pressure  on 
ramp  2,  fraction  of  ultimate 
hammershock  pressure 

Resolution  of  Forces 


Differential  pressure  on  ramps  1 and  2 are  calculated  by  equations  99 
and  100. 


= PHS  XP21 

(99) 

P2  - PHS  XP22 

(100) 

: total  force  on  the  panels  due  to  differential  pressure 
pressure  times  the  corresponding  panel  area 

is  the  resultant 

V = P L W 
1 111 

(101) 

V = P L W 
2 2 2 2 

(102) 
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For  moment  equilibrium  of  ramp  1,  reactions  normal  to  the  panel  surface 
at  the  hinges  are  equal  to  half  the  force,  V\,  on  the  panel.  At  the  hinge 
between  ramps  1 and  2,  the  forces  are  equal  and  opposite.  Therefore,  reaction 
at  the  hinge  is  calculated  by  equation  103. 


'1 

2cosa 


(103) 


Actuator  reaction,  R,  is  obtained  by  solving  for  moment  equilibrium 
about  A. 


Reaction  at  A is  calculated  for  force  equilibrium. 


£F  = 0 = Rp  * V,  - R - Ra 


(106) 


and 


R. 


*F 


♦ V, 


R 


(107) 


Ramp  1 Weight 

Ramp  1 loading  is  identical  to  that  for  the  typical  structural  represen- 
tation (Figure  15).  Therefore,  component  weights  are  calculated  by  substitu- 
tion of  ramp  1 parameters  in  the  previously  derived  equations,  equations  79 
through  88. 

Maximum  panel  bending  moment,  M,  is  calculated  by  equation  108.  Panel 
weight  is  calculated  by  equation  109  for  stiffened  sheet  construction  or 
equation  110  for  honeycomb  construction. 


M 


Wi  Vi 


(108) 


h'l. 


IlPV.L 


2Ka 


( h ._i ) 

l \ 2H1  ^CY  FCY  ^SU  FSU  / 


(109) 


wtl  = V 


/ P V,L  PW.H.  2 P W \ 

( 1 1 ♦ S 1 1 ♦_"-!) 

1 y4H^  1728  144/ 


(110) 


Hinge  beam  weight  (two  hinges)  is  calculated  by  equation  111  if  the  panel 
is  stiffened  sheet  construction  or  equation  112  on  a honeycomb  panel. 
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ITPWl 


( Vji J— ) 

W ^FCY  fcy  ^su  Fsu / 


(111) 


wrT  - iT  p 


(112) 


Ramp  2 Weight 

Ramp  2 is  always  assumed  to  be  stiffened  sheet  construction.  Assuming 
that  the  maximum  shear  and  moment  on  ramp  2 occurs  at  the  actuator  reaction 
point,  equations  113  and  114  are  used  to  calculate  bending  moment  and  shear. 


V,  k • ¥} 


(113) 


S“RF  + K1V2 


(114) 


Panel  weight  is  calculated  by  equation  115  which  is  obtained  by  substitu- 
tion of  terms  in  equation  85. 


£LPL2 


CL  v 2 jFCY  CY  ^SU  SU 


(115) 


The  hinge  and  actuator  beam  weights  are  calculated  by  equations  116 
through  118.  These  equations  are  the  result  of  substitution  in  equation  91. 


VWf 

*CT 


^FCY  FCY  ^SU  FSI, 


V) 


(116) 


m - VWa  / V2  1 

TAH  Kct  \H2  KpSU 


V) 


(117) 


Ma&iSiMt 


1 


(118) 


WT, 


TA 


hpW 

KCT 


(HA2 


v2 


^CY  FCY  ^SU  F 


SU, 


where 

wrTpH  ■ forward  hinge  beam  weight,  lb 
WTTAh  * aft  hinge  beam  weight,  lb 
WTta  * actuator  beam  weight,  lb 


THREE -RAMP  SYSTEM 

Figure  17  is  a schematic  diagram  illustrating  pressure  forces,  actuator 
locations,  and  geometry  assumptions  for  a three-ramp  system.  Basic  geometry, 
pressure,  material  properties,  and  minimum  gage  data  and  symbols  are  pre- 
sented in  Tables  3 and  4.  Additional  detail  input  data  are  shown  in  Table  6. 
Predefined  values,  which  may  be  revised  by  user  input,  are  also  presented  in 
these  tables. 

Ramp  3 in  a three-ramp  system  is  always  assumed  to  be  stiffened  sheet 
construction.  Ramps  1 and  2 may  be  specified  to  be  either  honeycomb  or 
stiffened  sheet  structure. 


Ramp  Structure  Geometry 


Panel  lengths  and  widths  are  user  input  data.  Panel  depths  are  defined 
as  fractions  of  length  and  or  width.  Ramp  3 actuator  beam  depth  is  defined 
to  be  a fraction  of  panel  width.  Depth  of  ramps  1,  2,  and  3 (Hj,  H^,  Hj)  are 
calculated  as  follows: 


Hx  - Maximum  of  (XHT3  W or  XH31  1^)  (119) 
H2  = Maximum  of  (XHT3  or  XH32  L ) (120) 
H3  = Maximum  of  (XHT3  W3  or  XH33  L ) (121) 
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TABLE  6.  THREE-RAMP  SYSTEM  VARIABLES 


FORTRAN 

Name 

Engrg 

Symbol 

Value 

Description 

ALPHA3 

a 

30.0 

Angle  between  projected  face  of 
ramp  2 and  ramp  3,  deg 

XHTA3 

0.15 

Actuator  beam  depth  to  width 
ratio  for  ramp  3 

XHT3 

0.1 

Panel  depth  to  width  ratio  for 
each  ramp 

XH31 

0.1 

Panel  depth  to  length  ratio 
for  ramp  1 

XH32 

0.1 

Panel  depth  to  length  ratio 
for  ramp  2 

XH33 

0.07 

Panel  depth  to  length  ratio 
for  ramp  3 

XIL31 

h 

1.0 

Ramp  1 panel  weight  correla- 
tion factor 

XIL32 

1.0 

Ramp  2 panel  weight  correla- 
tion factor 

XIL33 

1.0 

Ramp  3 panel  weight  correla- 
tion factor 

XIM31 

*M 

1.0 

Ramp  1 minimum  weight  correla- 
tion factor 

XIM32 

*M 

1.0 

Ramp  2 minimum  weight  correla- 
tion factor 

XIM33 

1.0 

Ramp  3 minimum  weight  correla- 
tion factor 

XITAH3 

!t 

1.0 

Ramp  3 aft  hinge  beam  weight 
correlation  factor 
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TABLE  6.  THREE-RAMP  SYSTEM  VARIABLES  (CONCL) 


FORTRAN 

Name 

Engrg 

Symbol 

Value 

Description 

XITA3 

!t 

1.0 

Ran?)  3 actuator  beam  weight 
correlation  factor 

XITFH3 

XT 

1.0 

Ranp  3 forward  hinge  weight 
correlation  factor 

XIT31 

XT 

1.0 

Ramp  1 transverse  beam  weight 
correlation  factor 

XIT32 

XT 

1.0 

Ran?)  2 transverse  beam  weight 
correlation  factor 

XK31 

Ki 

0.9 

Fraction  of  length  of  ramp  1 
from  forward  edge  to  actuator 
location 

XK32 

K2 

0.2 

Fraction  of  length  of  ran?)  3 
from  forward  edge  to  actuator 
location 

XK33 

K3 

0,8 

Fraction  of  length  of  ran?)  3 
from  aft  edge  to  actuator 
location 

XP3I 

0.2 

Differential  pressure  on 
ran?)  1,  fraction  of  ultimate 
hammershock  pressure 

XP32 

0.5 

Differential  pressure  on 
ran?)  2,  fraction  of  ultimate 
hammershock  pressure 

XP33 

0.4 

Differential  pressure  on 
ramp  3,  fraction  of  ultimate 
hammershock  pressure 
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Actuator  beam  depths  on  ramps  1 and  3 (H^,  H^)  are  defined  as  follows: 


»A1  ’ «1  (122) 

Haj  - XHTA3  W (123) 

Resolution  of  Forces 


Differential  pressure  and  the  resultant  forces  due  to  these  pressures  are 
calculated  by  equations  124  through  129.  These  resultants  act  at  the  panel 
centroids  (.5L,  .5W). 


P1  - PHS  XP31 

(124) 

P2  « PHS  XP32 

(125) 

Pj  * PHS  XP33 

(126) 

V = P W L 
1 111 

(127) 

V0  = PJlLL., 
2 2 2 2 

(128) 

V ■ P W L 
V3  3 3 3 

(129) 
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Ramp  2,  Freebody 


Due  to  hinges  at  each  end  of  ramp  2,  reactions  normal  to  the  panel  at 
B and  C are  equal  to  half  the  pressure  force,  V2,  on  the  panel.  Due  to  the 
roller  at  A and  actuator  orientation  perpendicular  to  ramp  3,  all  forces 
acting  on  ramp  3 are  normal  to  the  panel.  Therefore,  reaction  at  B is 
calculated  by  equation  130. 


^F3  2 cos  or 


Ramp  1,  Freebody 


Reaction  normal  to  the  panel  at  D,  Rfi,  is  calculated  by  the  equation  of  force 
equilibrium. 


2V  °*Vl  ‘r  - Ri  •rf1 
v2 

■Vi  * V1  2 • R1 

rj 


(133) 


(134) 


Ramp  3,  Freebody 
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Actuator  reaction,  R2,  is  calculated  by  solving  for  moment  equilibrium  about  A. 


EMa  - 0 - RpjLj  * -p  - R2K3L3 


(135) 


and 


^F3 


X3  * 2K3 


(136) 


Reaction  at  the  aft  hinge  (roller)  is  calculated  for  force  equilibrium. 


SFV  ’ 0 “ ^3  + V R2  ' RA3 


(137) 


RA3  " ^3  + V3  " R2 


(138) 


Ramp  1 Weight 


The  actuator  on  this  ramp  is  assumed  to  be  on  or  very  near  the  aft  hinge 
beam,  such  that  the  reaction  at  the  forward  hinge,  Rfi,  approaches  the  same 
value  as  on  rairq?  1 of  a two-ramp  system.  Panel  loads  for  this  situation  also 
approaches  that  for  ramp  1 of  a two-ramp  system. 


Panel  weight  can  be  calculated  by  using  the  same  equations  as  are  used 
for  ramp  1 of  a two- ramp  system. 


(139) 


• Stiffened  sheet  construction: 


V viLi 


KCL 


^1  KfCY  fcy 


(140) 
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• Honeycomb  construction: 


[L  /IVl. 

L 1 \4Hi  fcy 


P W H.  2PW. 

c 1 1 a 

1728  144 


‘) 


(141) 


There  are  three  transverse  members  - forward  and  aft  hinge  beams  and  an 
actuator  beam.  The  actuator  beam  depth  is  assumed  to  be  equal  to  the  panel 
depth.  Equation  142  is  used  to  calculate  the  weight  of  these  beams  in 
stiffened  sheet  construction  panels,  and  equation  143  is  used  for  honeycomb 
construction. 

• Stiffened  sheet  construction: 


Wi 


Vi 

Hi  kfcy  fcy 


(142) 


• Honeycomb  construction: 


(143) 


Ramp  2 Weight 

The  loading  on  this  panel  is  similar  to  that  for  ramp  1 of  a two-ramp 
system.  The  following  equations  are  used  to  calculate  the  component  weights. 


• Stiffened  sheet  construction: 


;lp¥2  / 4 t 

2Kcl  K kfcy  fcy 

1TPV2V2  /_V 2_. 

K™  \ H-  K_w  F_v 


(144) 


(145) 
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(146) 


(147) 


Ramp  3 Weight 

Ramp  3 analysis  is  similar  to  that  for  ramp  2 of  a two-ramp  system. 
Equations  148  through  151  are  used  to  calculate  the  component  weights. 


wttfh 


^TAH 


VL3  /K2L3 

(2  ^3  + K2V3) 

KCL  ' l!3 

"fcy  fcy 

VWk 

I ¥3 

kct 

Vh3  ^fcy  fcy 

‘tPWa3 

1 ¥3 

tr 

V H3  ha  fcy 

.ITPW2  , 

I ¥ 3 

kct 

\HA3  KFCY  fcy 

(148) 

(149) 

(150) 

I 

(151) 


FOUR-RAMP  SYSTEM 

Figure  18  is  a schematic  diagram  illustrating  pressure  forces,  actuator 
locations,  and  geometry  assumptions  for  a four-ramp  system.  Basic  geometry, 
pressure,  material  properties,  and  minimum  gage  data  and  symbols  are  presented 
in  Tables 3 and  4.  Additional  detail  input  data  are  shown  in  Table  7.  Pre- 
defined values,  which  may  be  revised  by  user  input,  are  also  presented  in 
these  tables. 
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TABLE  7.  FOUR -RAMP  SYSTEM  VARIABLES 
FORTRAN  Engrg 


Name 

Symbol 

Value 

Description 

GANNA 

Y 

20.0 

Angle  between  projected  face  of 
ramp  2 and  ramp  3,  deg 

SIGMA 

<r 

10.0 

Angle  between  projected  face  of 
ramp  3 and  ramp  4,  deg 

XHTA4 

0.125 

Actuator  beam  depth  to  width 
ratio  for  ramp  3 

XHT4 

0.1 

Panel  depth  to  width  ratio  for 
each  ramp 

XH41 

• 

0.1 

Panel  depth  to  length  ratio 
for  ramp  1 

XH42 

0.1 

Panel  depth  to  length  ratio 
for  ramp  2 

XH43 

0.08 

Panel  depth  to  length  ratio 
for  ramp  3 

XH44 

0.1 

Panel  depth  to  length  ratio 
for  ramp  4 

XIL41 

JL 

1.0 

Ramp  1 panel  weight  correla- 
tion factor 

XIL42 

1.0 

Ramp  2 panel  weight  correla- 
tion factor 

XIL43 

*L 

1.0 

Ramp  3 panel  weight  correla- 
tion factor 

XIL44 

'l 

1.0 

Ramp  4 panel  weight  correla- 
tion factor 

XIM41 

1.0 

Ramp  1 minimum  weight  correla- 
tion factor 
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TABLE  7.  FOUR-RAMP  SYSTEM  VARIABLES  (CONT) 


FORTRAN 

Name 

Hngrg 

Symbol 

Value 

Description 

XIM42 

JM 

1.0 

Ramp  2 minimum  weight  correla- 
tion factor 

XIM43 

XM 

1.0 

Ramp  3 minimum  weight  correla- 
tion factor 

XIM44 

*M 

1.0 

Ramp  4 minimum  weight  correla- 
tion factor 

XITAA4 

*T 

1.0 

Ramp  3 aft  actuator  beam 
weight  correlation  factor 

XITAH4 

XT 

1.0 

Ramp  3 aft  hinge  beam  weight 
correlation  factor 

XITFA4 

!t 

1.0 

Ramp  3 forward  actuator  beam 
weight  correlation  factor 

XITFH4 

!t 

1.0 

Ramp  3 forward  hinge  beam 
weight  correlation  factor 

XIT41 

IT 

1.0 

Ramp  1 transverse  beam  weight 
correlation  factor 

XIT42 

!t 

1.0 

Ramp  2 transverse  beam  weight 
correlation  factor 

XIT44 

IT 

1.0 

Ramp  4 transverse  beam  weight 
correlation  factor 

XK41 

K1 

0.1 

Fraction  of  length  of  ramp  3 
from  forward  edge  to  forward 
actuator  location 

XK42 

K2 

0.75 

Fraction  of  length  of  ramp  3 
distance  between  actuators 

XK43 

KJ 

0.15 

Fraction  of  length  of  ramp  3 
from  aft  edge  to  aft  actuator 
location 
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TABLE  7.  FOUR- RAMP  SYSTEM  VARIAB1£S  (CONCL) 


FORTRAN 

Name 

Engrg 

Symbol 

Value 

Description 

XK44 

K4 

0.9 

Fraction  of  length  of  ramp  1 
from  forward  edge  to  actuator 
location 

XP41 

0.6 

Differential  pressure  on 
ranp  1,  fraction  of  ultimate 
hammershock  pressure 

XP42 

1.0 

Differential  pressure  on 
ranp  2,  fraction  of  ultimate 
harmershock  pressure 

XP43 

1.0 

Differential  pressure  on 
ranp  3,  fraction  of  ultimate 
hammershock  pressure 

XP44 

0.4 

Differential  pressure  on 
ranp  4,  fraction  of  ultimate 
hanmershock  pressure 

Ramp  3 in  a four- ramp  system  is  always  assumed  to  be  stiffened  sheet  con- 
struction. All  of  the  other  ramps  may  be  specified  to  be  either  honeycomb  or 
stiffened  sheet  structure. 


Rang?  Structure  Geometry 

Panel  lengths  and  widths  are  user  input  data.  Panel  depths  are  defined 

as  fractions  of  length  and  or  width.  Ranp  3 actuator  beam  depth  is  defined  to 

be  a fraction  of  panel  width.  Depth  of  ranps  1,  2,  3,  and  4 (H. , H_ , H_, 

and  Hj)  are  calculated  as  follows: 

^ - Maximum  of  (XHT4  Wx  or  XH41  (152) 

H2  - Maximum  of  (XHT4  W or  XH42  L ) (153) 


X 


rftilwi-.  i" 


J 
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H3  - Maximum  of  (XHT4  Wj  or  XH43  Lj) 


(154) 


H4  - Maximum  of  (XHT4  W4  or  XH44  L4) 


(155) 


Actuator  beam  depths  on  ramps  1 and  3 (H^,  H^)  are  defined  as  follows: 


Hm  - Hx  (156) 

- XHTA4  W3  (157) 


Resolution  of  Forces 

Differential  pressure  and  the  resultant  forces  due  to  these  pressures 
are  calculated  by  equations  158  through  165.  These  resultants  act  at  the 
panel  centroids  (.5L,  .5W). 


P1  - PHS  XP41 

(158) 

P2  - PHS  XP42 

(159) 

P3  - PHS  XP43 

(160) 

P,  - PHS  XP44 
4 

(161) 

vi  - piLiwi 

(162) 

V2  ' W2 

(163) 

V3  * W3 

(164) 

V4  " P4L4W4 

(165) 
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Ramp  a Freebody 


Due  to  the  pin  joint  at  B and  tho  roller  at  A,  reactions  at  the  hinges 
are  normal  to  the  panel  as  shown  in  the  freebody  sketch. 

Ramp  2 Freebody 
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Similar  to  ramp  1 of  a three -ramp  system,  the  reactions  normal  to  the 
panel  are  calculated  by  equations  166  and  167. 


(166) 

(167) 
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From  the  freebody  diagrams  of  ramps  2 and  4,  reactions  at  the  hinges  are 
determined  except  for  the  force,  Fc.  Fc  is  determined  for  longitudinal  balance 
of  forces  on  ramp  3. 


* 

I 
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and 


V V 

2 tanV  4 sino- 

2 2 cosV 


(169) 


Reaction  at  B normal  to  the  panel  is  given  by  equation  170. 


4 coso- 


A3 


(170) 


Reaction  at  C normal  to  the  panel  is  obtained  by  equation  171. 


"f3  - Fc  sinY  ♦ 


2 cosY 


tanY  . 2 cosY 


(V2  SinY  - V4  sin  tr  J — . — 


(171) 


Actuator  reactions,  R2  and  j,  are  obtained  by  solving  for  moment 
equilibrium. 

SMR3  - 0 - «F3  (K1  + K2)  L3  * v3  (i  - K3)  S ' 


RA3  KJ  L3  ' R’  L 


2 “3 


(172) 
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hi  (h  * h)  ♦ v3  (r  Kj)  • RA3  K3 


(173) 


:fC  ' 0 * *F3  L1  S ' V3  (l  - Kl)  S ’ RA3  (*2  * K3>  (174) 


L3  * R3  K2  L3 


V3  (l  ' Kl)  * RA3  (K2  * S)  / ^3  K1 


Ramp  1 Weight 


This  ramp  is  similar  to  ramp  1 of  a three-ranp  system. 
• Stiffened  sheet  construction: 


r . .V  .6  / — h ♦ — i — \ 

L 2 XCL  ' !1  ScY  FCY  ^SU  FSU  / 


T 1C 


L +!2  + r)(_vl.  + ^_) 

\T1  2 !/ \H!  Kfcy  FCY  SsU  FSU  ' 


• Honeycomb  construction: 


/ P V,  L.  P W.  H.  29  W.  \ 

f = I L ( — - ♦ — — - — - + — — ) 

L L 1 y 4H:  Fcy  1728  144  / 

WrT"ITP1CWWl(RFl^  + Rl) 


(175) 


(176) 


(177) 


(178) 


(179) 


£ &>**#** 


Ramp  2 Weight 


This  ramp  is  similar  to  ramp  2 of  a three-ramp  system. 
• Stiffened  shut  construction: 


V V2L2  / 

2Ktt  V 

VWi 


2H2  ^CY  FCY  ^SU  FSU  / 

/ 1 1 \ 

\h2  Scy  fcy  ^su  Fsu  / 


• Honeycomb  construction: 


WT 


/PV.  L,  PW,  H.  2 P W \ 

= I L | — 2 — 2-  + -£-2 — 2 a — 2 j 

L aL  l2  \ 4H  1728  144  / 


/ *W  W2  1 \ 

"T-VWilTft-ii) 


(180) 


(181) 


(182) 


(183) 
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Ramp  3 Weight 


For  weight  estimating  purposes,  the  maximum  moment  is  assumed  to  be  the 
maximum  of  the  bending  moment  at  the  actuators  and  at  the  panel  midspan. 


■ V3  (*FJ  * ^ 

(184) 

/ V_K_  V 

(RA3  * “Pi 

(185) 

(*F3  • M1  -2lti)*r) 

(186) 

Absolute  maximum  of  (M^,  M^) 

(187) 

Ill 


Design  shear  is  obtained  by  selecting  the  absolute  maximum  shear  of  the 
values  at  points  1 through  6. 


S1  = ’Vj 

(188) 

S2  ' ¥ * ¥3 

(189) 

S3  ‘ S2  - R2 

(190) 

S6  ’ RA3 

(191) 

V RA3  * K3v3 

(192) 

S4  ' S5  ‘ R3 

(193) 

S ■ Absolute  maximum  of  (S^,  S^,  S^,  S^,  S^,  S^) 

(194) 

Design  shear  and  bending  moment  are  substituted  into  equation  85  to  calculate 
panel  weight  as  shown  in  equation  195. 


2M  + 
^CY  FCY 


(195) 


Hinge  and  actuator  beam  weights  are  calculated  by  equations  196 
through  199. 


Vs 

H3  KpCy 


(196) 
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*T  p Wa3 

/ V3 

kct 

\H3  KFCY  FCV 

ITPVr3R2  I 

f V3 

Ka 

V HA3  *10  Ftt 

VWs  | 

[ V3 

kct 

\ HA3  FCY 

^su 


V) 


V) 

V) 

u su/ 


(197) 


(198) 


(199) 


This  ramp  is  similar  to  ramp  2. 
• Stiffened  sheet  construction: 


„ W i t_h 

L 2 KCL  1^4  ^FCY  FCY 


CL  \2H4  ^CY  FCY 


V) 


(200) 


T kct  \" 
• Honeycomb  construction: 


4 ^FCY  FCY 


V) 


(201) 


WL  ’ llL 


/PV4L4 
♦ \ FCV 


P W.H, 
c 4 4 ( 

2W\ 

1728 

144  / 

wt  ■ VW. 


(203) 
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IIM-DIMENSIONAL  AXIAL  FLOW  SVSl'EMS  (SPIKES) 


Several  types  of  spike  arrangements  are  generally  used  in  supersonic 
aircraft  which  are  function  of  inlet  performance  and  operating  environment, 
rhese  include  fixed  spikes  with  no  area  control,  translating  spikes,  and  fully 
collapsing  spikes  for  full  area  control.  In  the  preliminary  design  phase  of 
vehicle  synthesis,  geometry  f >1  three-dimensional  inlet  spike  systems  is  not 
readily  available.  The  estimating  equations  derived  in  Reference  6 account 
for  this  fact  and,  therefore,  are  based  on  inlet  capture  area  which  would  be 
available  in  phase  zero  of  configuration  synthesis.  The  equations  are  the 
result  of  correlation  with  available  inlet  conqx>nent  weight  with  the  signifi- 
cant design  parameters. 

Subroutine  SPIKL  uses  equations  204  through  206  from  Reference  6 to 
calculate  weight  estimates  for  the  different  types  of  three-dimensional  spikes. 
Spike  center  of  gravity  is  assumed  to  be  at  the  inlet  throat. 

• Fixed  spike  weight,  WHFS 


WHFS  = 12.53  (N.)  (A.) 

l l 


(204) 


• Translating  spike  weight,  WFTS 


WFTS  * 15.65  (\.)  (A.) 


(205) 


• Translating  and  expanding  spike  weight,  WTES 


WTLS  = 5.18  (N.)  (A.) 


(206) 


where 

* number  of  inlets 
Aj_  = capture  area  per  inlet,  ft^ 


NACLLLE  SHELL  STRUCTURE 


Nacelle  weight  estimating  procedure  consists  of  the  evaluation  of 
structural  minimums,  local  panel  flutter,  and  duct-nacelle  compatibility. 
Loads  are  not  evaluated  in  the  current  estimating  method.  This  approach 
has  been  taken  since  nacelle  shells  are  normally  designed  by  other  considera- 
tions. Engines,  which  produce  the  greatest  inpact  on  loads,  are  generally 
supported  directly  by  pylon  structure. 

Nacelle  synthesis  and  weight  estimation  calculations  are  performed  in 
subroutine  NACELE.  This  subroutine  calls  NCLGEO  to  calculate  contour  and 
segment  geometry  data. 


NACELLE  GEOMETRY 

Nacelle  cross-sectional  geometry  is  defined  at  as  many  as  10  longitudinal 
stations,  starting  at  the  inlet  lip,  station  zero,  and  ending  at  the  last  full 
section  of  the  nacelle.  One-dimensional  leading  edges  are  defined  as  follows: 

1.  Horizontal  leading  edge  - input  zero  for  perimeter  and  actual  width 
of  leading  edge 

2.  Wedge  leading  edges  as  would  occur  on  nacelles  with  two  inlet  ducts 
with  vertical  leading  edges  - input  zero  for  perimeter  and  depth  at 
leading  edge 

Detail  description  of  continuous  section  geometry  and  contour  calcula- 
tions is  identical  to  that  used  to  define  duct  geometry.  Surface  area  for 
one-dimensionai  leading  edge  segments  are  calculated  by  equation  207  for 
horizontal  leading  edges  and  by  equation  208  for  wedge  leading  edges. 


DLXN 

SFN'1  - -y*  0^  ♦ BUN’2  ♦ 2 BSN2)  (207) 

DLXN 

SPNl  « -j1  (BUN2  ♦ BLN2)  (208) 


where 

SFN'i  ■ nacelle  leading  edge  segment  surface  area 
DLXN'j  * leading  edge  segment  length 
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Wj  = width  of  nacelle  lip  at  station  1 

BUN.,  = peripheral  length  of  nacelle  upper  sector  at  station  2 

BS.V,  = peripheral  length  of  nacelle  side  sector  at  station  2 

BLN ^ = peripheral  length  of  nacelle  lower  sector  at  station  2 

Curvature  of  the  panels,  although  not  pertinent  in  the  current  estimating 
procedure,  are  also  calculated.  The  radius  of  curvature  for  circular  nacelle 
sections  are  implicit.  However,  in  the  case  of  noncircular  shapes,  there  is 
no  true  radius  of  curvature.  Therefore,  a nominal  (weighted  average)  radius 
of  curvature  is  defined  in  the  following  manner: 


RCS.N’2  - [RCSN  - RON  (1  - cos  45°)] 2 ♦ (RON  sin  45°  ♦ DON)2  (209) 


let 


a = RON  (1  - cos  45°) 
b - RON  sin  45°  ♦ DON 


then 


RCS 


2 .2 

a » b 

2a 


(210) 

(211) 


(212) 
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The  nominal  radius  of  curvature  for  the  upper  (RCUN)  and  lower  (RCLN) 
sectors  are  calculated  in  the  same  manner.  If  the  comer  radius  is  less  than 
2 inches,  the  nominal  radius  of  curvature  is  assumed  to  be  infinite.  A value 
of  zero  for  curvature  is  used  to  designate  the  flat  panel. 


NACELLE  SYNTHESIS 

The  nacelle  is  assumed  to  consists  of  an  inlet  section  and  an  engine 
compartment  section.  This  distinction  is  made  to  evaluate  structural  arrange- 
ment differences  in  the  two  sections.  In  the  inlet  section,  frame  weight  and 
spacing  are  determined  for  duct  design  requirements.  These  data  axe  developed 
by  the  duct  estimating  routines.  Frame  weight  and  spacing  at  nacelle  cuts 
are  obtained  by  interpolating  between  bounding  duct  cuts.  Should  two  inlet 
ducts  exist  at  a nacelle  cut,  the  corresponding  nacelle  frame  is  assumed  to 
be  equivalent  to  two  duct  frames.  Frame  spacing  in  the  engine  compartment 
section  is  defined  by  input  nacelle  data.  These  frames  are  assumed  to  be  con- 
structed as  shown  in  the  following  sketch.  Frame  weight  is  calculated  from 
the  user  input  parameters , frame  depth  (c) , cap  flange  width  (b) , cap  thick- 
ness (t  ) and  web  thickness  (t  ) . 
r w 
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Cover  (outer  mold  line) 


t 

r 


Nacelle  cover  thicknesses  at  nacelle  cuts  are  established  by  minimum 
gage  and,  for  supersonic  aircraft,  by  local  panel  flutter  requirements,  if 
critical.  The  appropriate  frame  spacing  and  side  sector  panel  width  (BSN) 
are  used  to  determine  thi  :kness  required  to  prevent  local  panel  flutter  at 
each  nacelle  cut. 


Local  Panel  Flutter 


Critical  panel  flutter  requirements  are  derived  by  the  program  through  a 
process  of  checking  mach-altitude  points  for  each  of  nine  points  on  the  limit 
speed  envelope.  The  user  has  the  option  of  inputing  his  own  estimates  of 
critical  panel  flutter  parameters.  These  user  inputs  are  checked  against 
program-derived  values  to  insure  that  all  reasonably  probable  panel  flutter 
conditions  are  adequately  surveyed.  The  foregoing  process  does  not  evaluate 
subsonic  flight  conditions. 

The  approach  used  to  insure  the  prevention  of  local  panel  flutter  is 
based  on  methods  described  in  Reference  7.  This  approach  consists  of  the 
determination  of  the  mach  number  parameter  and  the  baseline  design  parameter. 
The  baseline  panel  thickness  obtained  by  this  approach  can  then  be  revised 
by  correction  factors.  These  correction  factors  are  independently  derived 
to  account  for  in-plane  loaded  panels,  pressure  differentials,  curvature, 
and  other  parameters  that  influence  flutter  design. 
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The  two  significant  parameters  (in-plane  stress  and  curvature)  are  not 
evaluated  in  SWEEP.  The  effect  due  to  neglecting  panel  loading  could  intro- 
duce optimistic  panel  sizing,  while  the  omission  of  curvature  effects  intro- 
duces conservatism  in  the  analysis. 

The  mach  number  effects  are  derived  by  a curve -fit  approximation  of  Fig- 
ure 19 The  curve-fit  equations  are  as  follows: 

• For  mach  1.0  to  1.4: 

F (M)  - 0.48S1674  ♦ 1.66456  (M-l)3  (213) 


• For  mach  1.4  to  2.0: 


F (M)  - 0.488412  - 0.4037203  Cos 

♦ 0.4849271 
• For  mach  >2.0: 

F (M)  = P - >/m2  - 1 


/ M - 1.4  \ 

\ 0.6 


(214) 


(215) 


(7) 

The  baseline  panel  design  curve  is  shown  in  Figure  20.  The  curve  used 
in  SWEEP  (subroutine  NACELE)  deviates  from  the  proposed  baseline  curve  for 
values  of  L/W  less  than  2.  This  difference,  although  less  than  the  curve  pre- 
sented in  NACA  TN  D-451  which  reference  7 states  as  "excessive  over  design  for 
some  applications,"  reflects  the  current  design  practice. 


The  curve- fit  approximation  for  this  parameter  is  as  follows: 


|f^)e  j 1 t/l  u ^ m 0>S551841  _ 

0.1686944  (L/W)  ♦ 0.2169992  (L/W)2  (216) 

-0.0007636935  (L/W)3 
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Mach  number  correction  factor 


s wmmmmtmmrn  % 


Figure  19.  Panel  flutter  mach  number  correction  factor. 
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For  values  of  L/W  greater  than  10,  this  curve-fit  approach  is  not  valid. 
The  value  10  is  substituted  for  L/W  should  this  condition  occur.  Although 
this  assumption  seems  questionable,  panels  with  aspect  ratios  greater  than 
10  rarely  exist  on  nacelle  structures. 

The  baseline  thickness  is  then  determined 


(217) 


The  critical  panel  flutter  speed  is  determined  by  investigating  the 
vehicle  flight  envelope  in  terms  of  mach  number  and  altitude.  The  flutter 
design  point  occurs  when  q/F(M)  E is  maximum. 


Nacelle  Shell  Weight 

Nacelle  component  weights  are  calculated  for  each  nacelle  segment. 

Should  the  first  nacelle  segment  geometry  define  a one -dimensional  leading 
edge  structure,  weight  for  that  segment  is  not  calculated  to  avoid  duplication 
since  the  weight  for  that  segment  is  calculated  as  part  of  the  inlet  duct 
structure. 

Cover  weight  calculations  are  based  on  linear  thickness  taper  between 
the  forward  and  aft  boundaries  of  segments.  Cover  panels  which  are  replaced 
by  engine  removal  doors  are  deleted  in  these  weight  calculations.  Frame 
weight  within  segments  are  based  on  weight  per  linear  inch  at  the  bounding 
cuts. 


Load  redistribution  structure  weight  is  based  on  nacelle  profile  area. 
This  calculation  is  performed  for  multiple  engine  nacelle  arrangements  where 
engine  loads  are  reacted  by  nacelle  structure  which  then  transfers  the  loads 
to  pylons.  The  weight  is  calculated  at  1 pound  per  square  foot  of  profile 
area. 


Weight  correlation  factors  are  applied  to  the  resultant  weights  for  each 
of  the  shell  components.  Center-of -gravity  calculations  assume  longitudinal 
segment  weight  centroids  to  be  midway  between  bounding  cuts. 
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MI SCELLANEOUS  STRUCTURE  WEIGHT 

Miscellaneous  air  induction  system,  nacelle,  and  engine  section  structure, 
should  they  exist,  are  calculated  in  subroutines  MISCOM  and  PYLONS.  Table  8 
is  a summary  of  these  components . 


TABLE  8.  MISCELLANEOUS  STRUCTURE  COMPONENT  WEIGHTS 


FORTRAN 

Symbol 

Description 

Engine  Instl 
Type 

Calculation 

Routine 

WTEM 

Engine  mount  weight,  lb 

All 

MISCOM 

WTAI 

Auxiliary  inlet  doors 
weight,  lb 

All 

MISCOM 

WTBP 

Duct  bypass  doors 
weight,  lb 

All 

MISCOM 

WTED 

Engine  removal  doors 
weight,  lb 

Nacelle 

MISCOM 

WTMD 

Miscellaneous  doors 
weight,  lb 

Nacelle 

MISCOM 

WTFW 

Firewall  weight,  lb 

Nacelle 

MISCOM 

l\TEF 

Exterior  finish  weight, 
lb 

Nacelle 

MISCOM 

WTSD 

Engine  compartment 
shroud  weight,  lb 

Nacelle 

MISCOM 

WTPI 

Inboard  pylons  weight, 
lb 

Nacelle 

% 

PYLONS 

wrpo 

Outboard  pylons  weight, 
lb 

Nacelle 

PYLONS 

WFTI 

Inboard  fittings 
weight,  lb 

Nacelle 

PYLONS 

WFT0 

Outboard  fittings 
weight,  lb 

Nacelle 

PYLONS 

3 

■1 

! 


ENGINE  MOUNTS 


Engine  mounts  and  fittings  weight  is  calculated  by  equation  218.  The 
center  of  gravity  is  assumed  to  be  at  the  engine  CG. 


MEM  » 0.015  Wc 
E 


(218) 


where 


W£  » engine  weight,  lb 


AUXILIARY  INLET  AND  DUCT  BYPASS  DOORS 

The  determination  of  duct  bypass  provisions  or  auxiliary  inlet  require- 
ments are  not  within  the  scope  of  this  program.  However,  should  data  be 
available  for  these  items  in  the  form  of  total  panel  size,  the  weights  are 
calculated  by  equations  219  and  220.  Center  of  gravity  for  the  auxiliary 
inlet  is  assumed  to  be  located  one-third  of  the  inlet  length  aft  of  the 
leading  edge.  Center  of  gravity  for  the  duct  bypass  doors  is  assumed  to  be 
located  two -thirds  of  the  inlet  length  aft  of  the  leading  edge. 


mi  - 12.0  SAI  (219) 

WTBP  - 15.0  S (220) 


where 


2 

S^j  » auxiliary  inlet  panel  area,  ft 

2 

Sfip  * by-pass  door  area,  ft 
ENGINE  REMOVAL  DOORS 

Equation  221  is  used  to  calculated  engine  removal  doors  weight.  This 
item  is  calculated  when  door  width  is  defined  by  user  input.  Door  length 
is  assumed  to  extend  from  the  engine  face  to  the  end  of  the  nacelle.  Center 
of  gravity  is  assumed  to  be  located  at  half  the  door  length. 
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WTED  » 2.93  S, 


ED 


(221) 


where 


Spp  = engine  removal  door  area,  ft 


MISCELLANEOUS  DOORS 

Miscellaneous  doors  weight  is  calculated  by  equation  222  if  door  area  is 
defined  by  the  user.  Center  of  gravity  of  this  item  is  assumed  to  be  located 
at  half  the  nacelle  length. 


WIND  - 2.S 


(222) 


where 


S^  * miscellaneous  doors  area,  ft^ 


FIREWALL 


A firewall  is  located  at  engine  front  face  station  separating  the  com- 
bustion chamber  from  the  inlet.  Firewall  surface  area  is  calculated  by 
subtracting  the  duct(s)  cross-sectional  area  at  the  engine  face  from  the 
nacelle  cross-sectional  area  at  the  same  location.  The  weight  for  this  com- 
ponent is  estimated  at  0.8  pound  per  square  foot. 


EXTERIOR  FINISH 

Nacelle  exterior  finish  is  estimated  at  0.026  pound  per  square  foot  of 
nacelle  surface  area  and  is  located  at  half  the  nacelle  length. 


ENGINE  COMPARTMENT  SHROUD 

The  requirement  of  engine  compartment  shroud  is  defined  by  the  user. 
Shroud  surface  area  may  be  input  or,  if  not  available,  calculated  by  equa- 
tion 223.  The  shroud  is  assumed  to  extend  from  the  engine  face  to  the  end 
of  the  nacelle. 
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SSD  “ N L [j-  (D  ♦ 5.0)  ♦ Hj  /144  (223) 

where 

2 

SSd  ■ shroud  area,  ft 

N * number  of  engines  in  nacelle 

L ■ shroud  length,  in. 

D * maximum  engine  diameter,  in. 

H = nacelle  depth  at  engine  front  face,  in. 

Shroud  weight  to  0.8  pound  per  square  foot  and  is  assumed  to  be 
located  at  halt  the  shroud  length. 


PYLONS  AND  NACELLE  SUPPORT  FITTINGS 

Equation  224  is  used  to  calculate  pylon  weight.  Since  inboard  and  out 
board  pylons  may  be  different,  separate  calculations  are  performed  for  each 
pylon.  The  center  of  gravity  is  calculated  by  equation  225. 


l\TPI  - 12.0  S 

P 

CGp  = CG^  + ~ sin  w p 


where 


_A_ 

P 


2 

pylon  planform  area,  ft 

engine  center  of  gravity,  in. 

pylon  length,  in. 
sweep  angle  of  pylon 


(224) 

(225) 
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Fittings  (equation  22b)  at  the  pylon  to  wing  or  fuselage  attach  points 
are  calculated  according  to  the  load  and  nacelle  material  properties. 


Fittings  ■ Load 


141.312  P 


tu 


cy 


78.20  P 

F + F. 
su  bru 


♦ 2.5  x 10 


-5 


! 


(226) 


where 


material  density,  lb/ in.' 


F » ultimate  tensile  strength,  psi 
F = compression  yield  strength,  psi 
F'su  « ultimate  shear  strength,  psi 
F.  ■ ultimate  bearing  strength,  psi 


The  maximum  load  is  determined  by  the  vehicle  maneuver  load  factor  and 
yaw  velocity.  Lquation  227  is  used  to  determine  the  maximum  load  on  vertical 
installations,  and  equation  228  for  horizontal  pylons. 


Load  ■ (N  W ♦ 4»2  Y b W /(12  G t)  1.5 
z t n 

Load  - (W  ♦ W b/t)  1.5  N 
t n z 


where 

■ vehicle  yaw  velocity,  radians/sec 

N ■ vehicle  vertical  maneuver  load  factor 
z 

W ■ weight  of  nacelle  and  contents  plus  pylon,  lb 

■ weight  of  nacelle  and  contents,  lb 

Y * lateral  coordinate  of  nacelle  installation,  in. 
b ■ distance  from  the  nacelle  center  to  the  tie  point,  in. 
t * maximum  thickness  of  the  pylon,  in. 

G * acceleration  of  gravity,  ft/sec2 
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(227) 

(228) 


Section  III 


PROGRAM  DESCRIPTION 


GENERAL  DISCUSSION 


The  air  induction  system  module  has  been  developed  to  estimate  weight  of 
air  induction  system,  nacelle,  and  engine  section  structure.  Methods,  equa- 
tions,  and  logic  discussed  in  the  previous  section  have  been  programmed  in 
FORTRAN  extended  language  for  the  CDC  6600  conputer.  The  module  is  structured  • 
in  a single  overlay  consisting  of  a control  program  (AISNN)  and  21  subroutines. 
One  of  the  subroutines  (MATLP2)  is  a material  properties  data  print  routine. 
Module  weight  summary  results  are  printed  by  subroutine  SLMARY  as  shown  in 
Figures  3 through  5.  Optional  output  of  intermediate  calculations  are  pro- 
vided within  individual  data  development  routines. 

Error  messages,  warning  messages,  and  corrective  measures  have  been  built 
into  the  program  such  that  most  user  errors  will  not  result  in  catastrophic 
failure.  In  some  cases,  the  warning  is  of  a nature  for  which  no  user  action 
is  necessary'.  In  other  instances,  incompatible  data  are  either  corrected, 
revised,  or  bypassed.  The  implications,  probable  cause,  and  recommended  action 
associated  with  the  various  messages  are  presented  in  the  subroutine 
discussions. 


LOGIC  FLOW 

Ihe  module  subroutine  flow  diagram  is  shown  in  Figure  21.  System  routines 
REALMS  and  WRITMS  are  also  shown  in  this  diagram  to  indicate  routines  which 
read  and  store  data  in  the  mass  storage  file  records.  Figure  22  shows  the 
logic  flow  diagram  of  this  module.  This  diagram  shows  the  major  data  manipu- 
lation and  search  procedures  within  this  module. 


GENERAL  MAPS 

Data  storage  and  transmittal  are  accomplished  through  the  use  of  blank 
common,  labeled  common,  and  mass  storage  file  records.  Mass  storage  file 
records  are  read  into  and  written  from  data  regions  in  conmon.  Certain  cal- 
culated variables  are  stored  in  the  program  region  of  individual  routines. 

In  this  case,  these  variables  are  included  in  the  discussion  of  the  applicable 
rout ine . 
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DUCTS 


Figure  21.  Air  induction  system  module  subroutine  flow  diagram, 

overlay  (7,0)  (concl). 


130 


Calculate  atmospheric 
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Figure  22.  Logic  flow  diagram  for  air  induction  system  module. 
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0*MON 

Blank  common  consists  of  4,400  cells  which  are  organized  as  shown  in 
lable  9.  Table  10  presents  an  alphabetical  listing  of  arrays  and  variables 
within  the  common  region.  Items  in  the  table  are  classified  according  to  type 
as  either  input  (I)  or  calculated  (C).  Many  items  that  appear  as  calculated 
(C)  variables  may  take  on  values  that  are  input  to  the  air  induction  system 
module.  Hus  is  a function  of  whether  or  not  default  values  or  inputs  are 
overridden  in  the  synthesis  procedure.  However,  items  designated  as  input 
(I)  types  will  always  take  on  values  that  are  input  to  this  module.  When 
variables  in  Table  10  are  subsets  of  larger  arrays,  the  higher  order  array  is 
referenced  in  brackets. 

Tables  11  through  25  are  maps  of  those  arrays  that  have  specific  signif- 
icane  which  are  not  explained  in  the  alphabetical  listing. 


LABI: LTD  CONMON 


Labeled  common  arrays  are  used  to  transfer  program  control  words  and  cer- 
tain vehicle  design  data. 

e FUAT  (Block  FDATT)  - This  array  is  used  to  store  air  induction 
system,  nacelle,  and  engine  section  (also  other  components) 
weight  summary  data  for  use  in  total  vehicle  summary  cal- 
culations and  output  as  shown  in  Table  26. 

e IP  (Block  IPRINT)  - This  array  is  used  to  transmit  print  con- 

trol indicators  to  various  subroutines  as  shown  in  Table  27. 

e XMISC  (Block  MISC)  - The  first  location  in  this  block  is  used  to 
transmit  the  number  of  different  materials  which  exist  in 
the  material  library  file  records.  Locations  85  through 
100  are  used  to  transmit  alphanumeric  case  title  information. 


.IASS  STORAGE  FILE  RECORDS 

Mass  storage  file  records  used  by  this  module  are  shown  in  Table  28. 
Variables  in  these  records  are  discussed  in  Lie  blank  conmon  region  tables. 
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TABLE  9.  C0M4JN  ARRANGEMENT 


Common 

Location 

Variable  Name 
and  Locations 

Variable  Name 
and  Locations 

Variable  Name 
and  Locations 

Detail  Description 
Table  Reference 

1-80 

D(l) -D(80) 

11 

81-270 

EQU(l) -EQU(190) 

17 

271-280 

EQU(191) -EQU(20Q) 

I1\TK(1)  -DATK(IO) 

17 

281-320 

DATS(l) -DATS (40) 

16 

321-400 

l)ATU(l)  -DATD(80) 

12 

401-520 

l)ATR(l) -DATR(120) 

16 

521-600 

DATN(l) -UATN(80) 

14 

601-640 

DATM(  1 ) - DATM(40) 

13 

641-733 

DR(1) -DR(93) 

15 

734-770 

Not  used 

771-1700 

F(l) -F(930) 

18 

1701-1900 

SllNM(l)  -SIA>M(200) 

20 

1901-2000 

Not  used 

2001-2100 

T(l) -T(100) 

S(l)-SdOO) 

Refer  to  subrou- 

tine  discussions 

2101-2200 

TOT(1)-TOT(100) 

24 

2201-2210 

ALT(1)-ALT(10) 

10 

2211-2220 

1131(1)  - lliM(10) 

10 

2221-2230 

FO(1)-PO(10J 

10 

2231-2240 

GCl)-G(lO) 

10 

2241-2250 

CS(1)-CS(10) 

10 

2251-2260 

RllO(l) -RHO(IO) 

10 

2261-2270 

Vli(l)  -Vll(lO) 

10 

2271-2280 

VL(1) -VL(10) 

10 

2281-2290 

QH(1)-QH(10) 

10 

2291-2300 

QL(1)-QL(10) 

10 

2301-2310 

EMI(1)-EM1(10) 

10 

2311-2320 

EML(1)-ENL(10) 

10 

2321-2350 

RATI  I Cl ) - RATI  1(10) 

10 

2331-2340 

RATL(1)-RATL(10) 

10 

2341-2350 

1T3M1C1) -THNH(IO) 

10 

2351-2360 

TEVIL(1)-TEML(10) 

10 

2361-2370 

PTH(1)-Fni(10) 

10 

2371-2380 

PTL(l) -PTL(IO) 

10 

2381-2390 

PSll(l)  -PSH(IO) 

10 

2391-2400 

PSL(1)-PSL(10) 

10 

2401-2410 

R1H(1)-R1H(10) 

10 

2411-2420 

R1L(1)-R1L(10) 

10 

2421-2430 

R2H(1)-R2H(10) 

10 

2431-2440 

R2L(1)-R2L(10) 

10 

2441-2450 

R3H(1)-R3H(10) 

10 
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TABLE  9.  C0NM3N  ARRANGEMENT  (CONT 


Common 

Location 

Variable  Name 
and  Locations 

Variable  Name 
and  Locations 

Variable  Name 
and  Locations 

Detail  Description 
Table  Reference 

2451-2460 

R3L(1)-R3L(1Q) 

10 

2461-2470 

Pirm(l) -PHTH(IO) 

10 

2471-2480 

PHEH(1)-PHEH(1Q) 

10 

2481-2490 

PHTL(1)-PHTL(10) 

10 

2491-2500 

PHEL(1)-PHEL(10) 

10 

2501-2510 

PST(l) -PST(10) 

10 

2511-2520 

WOD(1)-WOD(10) 

10 

2521-2530 

ROD(1)-RDD(10) 

10 

2531-2540 

1X)D(1)  -DOD(IO) 

10 

2541-2550 

BUD(l) -BUD(IO) 

10 

2551-2560 

BLD(1)-BLD(10) 

10 

2561-2570 

BSD(l) -BSD(IO) 

10 

2571-2580 

DLXD(1)-DLXD(10) 

10 

2581-2590 

SFD(1)-SFD(10) 

10 

2591-2600 

FTLH(l)-FnJH(10) 

IVTD(1)-WTD(10) 

10 

2601-2610 

FTUL(1)-FTUL(10) 

10 

2611-2620 

FCYH(l)  -FCYH(IO) 

10 

2621-2630 

FCYL(1)-FCVL(10) 

10 

2631-2640 

FSU1(1)-FSIH(10) 

10 

2641-2650 

FSUL(l)  -FSUL(IO) 

10 

2651-2660 

FMLII(l)  -FMUH(IO) 

10 

2661-2670 

FMJL(l)-FMULdO) 

10 

2671-2680 

eid)-EH(io) 

10 

2681-2690 

EL(1) -EL(10) 

10 

2691-2700 

FKTH(l) -FKTH(IO) 

10 

2701-2709 

FKTL(1)-FKTL(9) 

10 

2710 

FKTL(IO) 

RliOD 

10 

2711-2720 

SFRM(l) -SFRM(IO) 

10 

2721-2730 

TC(l)-TCClO) 

10 

2731-2740 

TL(1) -TL(IO) 

10 

2741-2750 

FRlVT(l)  -FRVr(lO) 

10 

2751-2760 

WON(1)-WN(10) 

10 

27i 1-2770 

RON'(l)  -RON  (10) 

10 

2771-2780 

DCW  (1) -DON(IO) 

10 

2781-2790 

BUN(1)-BUN(10) 

10 

2791-2800 

BLN(l)  -BLN(IO) 

10 

2801-2810 

BSN(1)-BSN(10) 

10 

2811-2820 

D1KN(1) -DLXNC10) 

10 

2821-2830 

SFN(l) -SFN(IO) 

10 

2831-2840 

RCUN(1)-RCUN(10) 

10 

2841-2850 

RCLN(l) -RCLN(IO) 

10 
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TABLE  9.  CONMJN  ARRANGEMENT  (CONCL) 


Cormon 

Location 

Variable  Name 
and  Locations 

Variable  Name 
and  Locations 

Variable  Name 
and  Locations 

Detail  Description 
Table  Reference 

2851-2860 

RCSN(1)-RCSN(1Q) 

10 

2861-2869 

ELN(1)-ELN(9) 

10 

2870 

ELN(10) 

RHON 

10 

2871-2880 

TCN(l) -TCN(IO) 

10 

2881-2890 

SFRN(l)-SFRNQO) 

10 

2891-2900 

FRWN(1)-FRWN(1Q) 

10 

2901-2910 

wroj(i)-wrcN(io) 

10 

2911-2920 

WTFNC1)  -WTFN(IO) 

10 

2921-2930 

WTLN(1)-WTLN(10) 

10 

2931-3020 

Not  used 

3021-3080 

DLSP(1)-DLSP(60) 

10 

3081-3140 

BEN(1)-BEN(60) 

10 

3141-3200 

W(l)-W(60) 

10 

3201-3260 

TMD(1)-TMD(60) 

AA(1)-AA(6Q) 

22,  10 

3261-3320 

IMD(61)-TMD(120) 

YB(1)-YB(60) 

22,  10 

3321-3380 

TMD(121)-TMD(180) 

ZB (1)- ZB (60) 

22,  10 

3381-3440 

TMD(181)-TMD(240) 

DLS(1)-DLS(60) 

22,  10 

3441-3500 

TMD(241)-TMD(300) 

YPB(1)-YPB(60) 

22,  10 

3501-3560 

tm(1)-tm(60) 

ZPB(1)-ZPB(60) 

21,  10 

3561-3621 

TM(61)-TM(121) 

Y(l)-Y(61) 

21,  10 

3622-3660 

TM(122)-TM(160) 

Z(l)-Z(39) 

21,  10 

3661-3682 

TT(1)-TT(22) 

Z(40)-Z(61) 

25,  10 

3683-3690 

TT(23)-TT(30) 

YP(1)-YP(8) 

25,  10 

3691-3743 

TMS(1)-TMS(53) 

YP(9)-YP(61) 

TWW(1)-TWW(53) 

23,  10 

3744-3750 

IMS  (54) -IMS  (60) 

ZP(1)-ZP(7) 

TWW(54) -TWW (60) 

23,  10 

3751-3804 

IMS(61)-TMS(114) 

ZP(8)-ZP(61) 

TCC(l) -TCC(54) 

23,  10 

3805-3810 

1MS(11S)-TMS(120) 

V(l)-V(6) 

TCC(55)-TCC(60) 

23,  10 

3811-3865 

TMS(121)-TMS(175) 

V(7)-V(61) 

BB2(1)-BB2(S5) 

23,  10 

3866-3870 

TMS(176)-TMS(180) 

A(l)-A(5) 

BB2(56)-BB2(60) 

23,  10 

3871-3926 

A(6)-A(61) 

10 

3927-3987 

BM(1)-BM(61) 

10 

3988-4100 

Not  used 

4101-4200 

DC(1)-DC(100) 

Inactive 

4201-4400 

ND(1)-ND(200) 

19 

i 

I 
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36 


3811  C Frame  cap  width  at  frame  segment  centroids. 


TABLE  10.  CONtDX  REGION  VARIABLE  LIST  (CONT) 


2781  C Upper  sector  nacelle  panel  peripheral  length  NACELE,  NCLGEO 
at  cuts,  in. 


TABLE  10.  CC&M3N  REGION  VARIABLE  LIST  (GONT) 


153 


120  401  I/C  Ramp  geometry  and  design  data  (refer  to 

Table  15) 


TABLE  10.  COMMON  REGION  VARIABLE  LIST  (CONT) 
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TABLE  10.  0»M3N  REGION  VARIABLE  LIST  (GONT) 
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Size  Loc  Type  Description  Subroutine  Reference 


TABLE  10.  cam  REGION  VARIABLE  LIST  (CONT) 
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TABLE  10.  CCM3N  REGION  VARIABLE  LIST  (CONT) 


4307  C Counter  through  nine  speed  profile  points  MXTL1,  MATLP2 
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2481  C Hamnershock  pressure  at  throat  on  Ml 
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TABLE  10.  GOMCN  REGION  VARIABLE  LIST  (GONT) 
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TABLE  10.  CCfcMDN  REGION  VARIABLE  LIST  (CONT) 


v 

£ *0* 

E s 


2 $ 

H > 


4->  4-> 

p-  y 


♦3  ^ 


</>  p 

(A  H 

5)  3 

V*  </> 

a.  tfi 

u 2 

• H ft 

2 * 
Vi  4J 
O 

lH  4-» 

o ... 


8& 

S3 

Sf1 


I*1 

gs 


4->  +J 

ia  •§> 


2441  C Ratio  of  hamnershock  pressure  at  inlet 
throat  to  total  pressure  on  Hi  diagram 


TABLE  10.  GCMCN  REGION  VARIABLE  LIST  (CENT) 


TABLE  10.  COM3M  REGION  VARIABLE  LIST  (OONT) 


2721  C I Duct  panel  field  thickness  at  duct  cuts 
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TABLE  10.  UOMfJN  REGION  VARIABLE  LIST  (OONT) 
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TABLE  10.  CCMUN  REGION  VARIABLE  LIST  (CQNT) 
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TABLE  10.  OMEN  REGION  VARIABLE  LIST  (CONT) 
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Ratio  of  actuator  beam  depth  to  width  of 
ramp  3 for  3-raq?  system  (DATR) 
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TABLE  10.  OOMflN  REGION  VARIABLE  LIST  (CCNT) 


TABLE  10.  G0M4QN  REGION  VARIABLE  LIST  (CONT) 
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TABLE  10.  COfCN  REGION  VARIABLE  LIST  (OONT) 


It)  7 


TABLE  11.  D ARRAY  VARIABLES 


Variable 

Subroutine 

Ioc 

Name 

Value 

Description 

Reference 

1 

D1 

1.0 

Constant 

Most 

2 

D2 

2.0 

Constant 

Most 

3 

3.0 

Constant 

Most 

4 

4.0 

Constant 

MATLF1 , NACELE,  MI  SCON 

5 

5.0 

Constant 

6 

6.0 

Constant 

7 

7.0 

Constant 

8 

8.0 

Constant 

DCTGEO,  NCLGEO 

9 

9.0 

Constant 

10 

10.0 

Constant 

NACELE,  PYLONS 

11 

11.0 

Constant 

12 

12.0 

Constant 

DUCFRM,  PYLONS 

13 

20.0 

Constant 

14 

1000.0 

Constant 

TEMPR,  DUCTS 

15 

PI 

3.1415927 

Constant,  PI 

Most 

16 

0.01745324 

Constant,  PI/180 

PYLONS 

17 

144.0 

Constant 

Most 

18 

24.0 

Constant 

19 

0.5 

Constant 

DUCFRM 

20 

1.5 

Constant 

21 

0.333333 

Constant 

DUCFRM,  NACELE 

22 

0.95 

Constant 

23 

0.25 

Constant 

24 

0.0 

Constant 

Most 

25 

1.414214 

Constant,  square 
root  of  2 

NCLGEO 

26 

1 

32.17405 

Constant,  acceleration 
of  gravity,  Ft/sec2 

SPAL,  PYLONS 

27 

180.0 

Constant 

28 

1.732051 

Constant,  square  root 
of  3 

MATLF1 

29 

2.5 

Constant 

30 

1.333333 

Constant 

31 

0.5 

Increment  for  frame 
spacing  search,  in. 

DXTS 

32 

Not  used 

• 

To 

38 

1 

Not  used 
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TABLE  11.  D ARRY  VARIABLES  (CGNT) 


Variable 

Subroutine 

Loc 

Name 

Value 

Description 

Reference 

39 

1.5 

Limit  to  ultimate 

PRECRT,  DUCPNL, 

factor  for  hammer- 

DUCFRM,  PYLONS 

shock  at  fyj,  static 
pressure  at  M^,  and 
basic  loads 

40 

1.2 

Limit  to  ultimate 
factor  for  hanrner- 
shock  at  M, 

PRECRT,  DUCPNL  DUCFRM 

41 

5.0 

Number  of  frame  seq- 
ments  per  quadrant 
(15  maximum) 

DUCTS 

42 

0.426 

Flange  crippling 
coefficient,  one  edge 
free 

DUCFRM 

43 

4.0 

44 

7.5 

Shear  crippling 
coefficient  for 

DUCFRM 

flat  panels 

45 

1.0 

46 

0.9 

Reduction  factor 
for  frame  cap 
compression  yield 
allowable 

DUCFRM 

47 

0.75 

48 

0.005 

One  gage  increment 
to  webs  for  frame 
stiffeners,  in. 

DUCFRM 

49 

2.0 

Land  width  for  frame 
attach,  in. 

DUCPNL,  DUCWET 

50 

2.0 

51 

0.050 

Minimum  land  thick- 
ness for  panel,  in. 

DUCPNL 

52 

0.032 

Minimum  field  thick- 
ness for  panel,  in. 

DUCPNL,  NACELE 

53 

0.145 

54 

0.050 

Minimum  frame  cap 
thickness,  in. 

DUCFRM 

jv-,  sfi m <0 
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TABLE  11.  D ARRAY  VARIABLES  (CONCL) 


Variable 

Subroutine 

Loc 

Name 

Description 

Reference 

55 

wm 

Minimum  frame  web 
thickness,  in. 

DUCFRM 

56 

DH 

Mininun  frame  flange 
width,  in. 

DUCFRM,  NACELE 

57 

Minimum  nacelle 

NACELE 

m 

frame  cap  thickness, 
in. 

58 

B 

Minimum  nacelle 
frame  web  thick- 
ness, in. 

NACELE 

59 

60 

61 

0.875 

62 

0.3263434 

63 

0.050 

64 

Not  used 

• 

To 

80 

Not  used 

81 

Refer  to  Table  9 

2000 

NOTE  D array  starts  at  cannon  location  1 


TABLE  12.  DATD  DUCT  INPUT  DATA  ARRAY  VARIABLES 


— 

Variable 

Subroutine 

Loc 

Name 

Description 

Reference 

1 

NCD,  number  of  cuts  through  duct 

DUCTS 

2 

KCD,  duct  geometry- type  indicator 

DUCTS 

1.0  ■ perimeter  input 

2.0  ■ perimeter  correction  factor 

input 

3 

Not  used 

4 

Frame  depth,  in. 

DUCTS 

5 

Minimum  frame  spacing,  in. 

DUCTS 

6 

Maximum  frame  spacing,  in. 

DUCTS 

7 

Duct  panel  mill  indicator 

DUCPNL 

0.0  ■ panel  not  milled 

1.0  - panel  milled  (lands  at  frames) 

8 

Not  used 

§ 

To 

10 

Not  used 

11 

X0(1) 

X- station,  duct  cut  1 referenced  from 

DUCTS,  DCTGEO,  DUCPNL, 

leading  edge  station  (loc  11  ■ 0.0), 

DUCFRM,  DUCWET,  NACELE, 

in. 

MISCCM 

• 

• 

To 

20 

X0(10) 

X-station,  duct  cut  10,  in. 

21 

Y-station,  duct  cut  1,  in. 

DCTGEO,  DUCWET,  NACELE, 

Distance  from  centerline  of 
vehicle  to  centerline  of  duct  for 
fuselage  - buried  engine  concept, 
or  distance  from  centerline  of 
nacelle  to  centerline  of  duct 
for  nacelle  - mounted  engines 

MISCCM 

• 

To 

30 

Y-station,  duct  cut  10,  in. 

31 

Not  used 

• 

To 

40 

Not  used 

41 

Duct  depth  at  duct  cut  1,  in. 

DUCTS,  DCTGEO 

• 

To 

SO 

Duct  depth  at  duct  cut  10,  in. 

171 


TABLE  12.  DATD  DUCT  INPUT  DATA  ARRAY  VARIABLES  (CONCL) 


Variable 

Name 


Description 

Subroutine 

Reference 

Duct  width  at  duct  cut  1,  in. 

DUCTS  DCTGEO 

To 

Duct  width  at  duct  cut  10,  in. 

Duct  perimeter,  in.,  or  perimeter 

DUCTS,  DCTGEO,  DUCPNL, 

correction  factor  at  duct  cut  1 

To 

Duct  perimeter,  in. , or  perimeter 

correction  factor  at  duct  cut  10 

Not  used 

To 

Not  used 

NOTE  DATD  array  starts  at  corrmon  location  321. 


2 


TABLE  13.  DATM  ARRAY  VARIABLES 


Loc 

Variable 

Name 

Description 

1 

Level- flight  maxinun  speed  Q^)  at  sea  level  with 
wing  fixed  or  aft,  M 

• 

To 

5 

Level- flight  maxinun  speed  at  maximum  altitude 
with  wing  fixed  or  aft,  M 

6 

Sea- level  altitude  with  wing  fixed  or  aft,  ft 

• 

To 

10 

Maximum  altitude  with  wing  fixed  or  aft,  ft 

11 

Increment  from  level- flight  maximum  speed  to  limit 
speed  (M^  at  sea  level 

0.0  ■ use  general  increment  in  location  31 

<1.0  ■ decimal  increment  to  add  to  M^ 

>1.0  ■ multiplier  for  M^ 

<0.0  + fraction  of  fyj  to  add  to  ^ 

• 

To 

15 

Increment  from  level -flight  maximum  speed  to  limit 
speed  at  maximum  altitude 

16 

Inlet  pressure  recovery  ratio  at  M^  at  sea  level 

• 

To 

20 

Inlet  pressure  recovery  ratio  at  at  maximum 

altitude 
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TABLE  13.  DATM  ARRAY  VARIABLES  (CONCL) 


Loc 

Variable 

Name 

Description 

21 

Inlet  pressure  recovery  ratio  at  at  sea 

level 

• 

To 

25 

Inlet  pressure  recovery  ratio  at  Ml  at  maximum 
altitude 

26 

Airflow  at  engine  at  sea  level,  M 

• 

To 

30 

Airflow  at  engine  at  maximum  altitude,  M 

31 

DVLG 

General  increment  from  level-flight  maximum  speed 
to  limit  speed 

32 

RATG 

General  inlet  pressure  recovery  ratio 

33 

Not  used 

t 

To 

40 

Not  used 

NOTE  DATM  array  starts  at  common  location  601. 


TABLE  14.  DATN  NACELLE  DATA  ARRAY  VARIABLES 


Description 


Subroutine 

Reference 


NCN,  number  of  nacelle  cuts 

KCN,  nacelle  gecmetry-type  indicator 

1 - perimeter  input 

2 « perimeter'  correction  factor  input 
ICN,  engine  mounting  type 

0 ■ engine  supported  directly  by  pylons 

1 ■ engine  supported  by  nacelle  structure 

which  is  tied  to  pylons 

Not  used 
Not  used 

Nacelle  frame  spacing,  in. 

Nacelle  frame  depch,  in. 

Engine  access  door (s)  width,  in. 

Nacelle  maximum  depth,  in. 

Nacelle  maximum  width,  in. 

X-station  nacelle  cut  1 referenced  from  leading 
edge  station  (loc  11  ■ 0.0),  in. 

To 

X-station  duct  cut  10,  in. 

Not  used 
To 

Not  used 

Nacelle  depth  at  nacelle  cut  1,  in. 

To 

Nacelle  depth  at  nacelle  cut  10,  in. 

Nacelle  width  at  nacelle  cut  1,  in. 

To 

Nacelle  width  at  nacelle  cut  10 
Nacelle  perimeter,  in.,  or  perimeter  correction 
factor  at  nacelle  cut  1 
To 

Nacelle  perimeter,  in.,  or  perimeter  correction 
factor  at  nacelle  cut  10 
Mach  number  for  critical  panel  flutter,  M 
Altitude  that  corresponds  to  critical  panel 
flutter  mach  number,  ft 


NACELE 

NACELE 


NACELE 


NACELE 

NACELE 

NACELE,  MISCGM 

PYLONS 

PYLONS 

NACELE,  NCLGEO,  MISGQM 


NACELE,  NCLGEO,  MISCGM 


NACELE,  NCLGEO 


NACELE,  NCLGEO 


NACELE 

NACELE 
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TABLE  14.  DATN  NACELLE  DATA  ARRAY  VARIABLES  (CONCL) 


Description 

Subroutine 

Reference 

Dynamic  pressure  that  corresponds  to  critical 

NACELE 

mach  number,  psf 

Nacelle  panel  modulus  of  elasticity  at  critical 

NACELE 

flutter  condition,  psi 

Function  of  mach  number  for  critical  flutter 

NACELE 

condition 

Not  used 

To 

Not  used 

NOTE  DATN  array  starts  at  common  location  521. 


TABLE  15.  DATR  AM)  DR  ARRAY  VARIABLES 


DATR  Array  DR  Array 


Variable 

Loc  Name  Loc  Value 


XNUM 

CONST 


XL1 
XL2 
XL  3 
XL4 
8 | W1 
W2 

10  W3 

11  W4 

12  FCY 

13  FSU 

14  DENS 

15  XMAT 


16  FACT 
or  FCT 


De  script ion 

Subroutine 
Reference  a 

I 

Number  of  ramps 

DUCWET,  SUMARY 

Construction  indicator 

0.0  * standard  construction 

1.0  * honeycomb  construction 

Ultimate  absolute  hammershock 

PRECRT 

pressure  (refer  to  loc  18) , psia 

Length  of  ramp  1,  in. 

DUCWET,  SUMARY 

Length  of  ramp  2,  in. 

DUCWET,  SUMARY 

Length  of  ramp  3,  in. 

DUCWET,  SUMARY 

Length  of  ramp  4,  in. 

DUCWET,  SUMARY 

Width  of  ramp  1,  in. 

Width  of  ramp  2,  in. 

Width  of  ramp  3,  in. 

Width  of  ramp  4,  in. 

Compression  yield  stress  of  ramp 

PRECRT 

material  (refer  to  loc  18),  psi 

Ultimate  shear  stress  of  ramp 

PRECRT 

material  (refer  to  loc  18),  psi 

Density  of  ramp  material  (refer 

PRECRT 

to  loc  18),  lb/in. ^ 

Material -type  indicator 

PRECRT 

1,0  = aluminum 

2.0  ■ titanium 

3.0  = steel 

Factor  of  safety  (limit  to 

PRECRT 

ultimate  factor)  (refer  to 

loc  18) 

Distance  from  leading  edge  of 

DUCWET,  SUMARY 

duct  to  first  ramp  hinge,  in. 

Design  definition  indicator 

AISMN 

1.0  * locations  3,  12-16  are 

specified  in  input  data 

set 

0.0  * calculate  data  required 

in  locations  3,  12-16 

Calculation  indicator 

AISMN 

1.0  « calculate  ramp  weights 

only 

0.0  * calculate  all  component 

weights 

TABLE  15.  DATR  AND  DR  ARRAY  VARIABLES  (CONT) 


....  — — 1 ■ — 

DATR  Array 

DR  Array 

Loc 

Variable 

Name 

Loc 

Value 

Description 

Subroutine 

Reference3 

20 

■ 

Not  used 

21 

f 

XCL 

1 

0.9 

Ratio  of  effective  height  between 
axial  members  to  total  panel  depth 
(stiffened  sheet  construction  only) 

i 22 
1 

1 

l 

XFCY 

2 

0.5 

Ratio  of  allowable  compression 
stress  to  compression  yield 
stress  (stiffened  sheet  construction 
only) 

23 

1 

XFSU 

3 

0.5 

Ratio  of  allowable  shear  stress  to 
ultimate  shear  strength  (stiffened 
sheet  construction  only) 

24 

XW 

■ 

0.25 

Ratio  of  hinge  position  from  panel 
edge  to  panel  width  (0.25  £ XW  0.5) 

| 25 

i 

XCT 

1 

0.9 

Ratio  of  effective  height  between 
transverse  beam  caps  to  total  beam 
depth  (stiffened  sheet  construction 
only) 

: 

26 

DCORE 

MEM 

Honeycomb  core  density,  lb/ff5 

27 

DADH 

7 

■ 

Adhesive  density  per  honeycomb 
panel  facesheet,  psf 

DATR  locations  28  through  44  contain  data  for  two-ramp  system 

28 

XIL21 

8 

1.0 

Ramp  1 panel  weight  correlation 
factor 

29 

XIT21 

9 

1.0 

Ramp  1 hinge  beam  weight 
correlation  factor 

30 

XIM21 

10 

1.0 

Ramp  1 minimum  weight  correlation 
factor 

31 

XIL22 

11 

1.0 

Ramp  2 panel  weight  correlation 
factor 

32 

XITFH2 

12 

1.0 

Ramp  2 forward  hinge  beam  weight 
correlation  factor 

33 

1 

1 

XITA2 

13 

1.0 

Ramp  2 actuator  beam  weight 
correlation  factor 

34 

| 

XITAI12 

14 

1.0 

Ramp  2 aft  hinge  beam  weight 
correlation  factor 
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TABLE  15.  DATR  AND  DR  ARRAY  VARIABLES  (CONT) 


DATR  Array 

DR  Array 

Loc 

Variable 

Name 

I.oc 

Value 

Description 

Subroutine 

Reference3 

35 

XIM22 

IS 

1.0 

Ramp  2 minimum  weight  correlation 
factor 

36 

XP21 

16 

0.5 

Differential  pressure  on  ramp  1, 
fraction  of  ultimate  hammershock 
pressure 

37 

XP22 

17 

0.4 

Differential  pressure  on  ramp  1, 
fraction  of  ultimate  hammershock 
pressure 

38 

XK21 

18 

0.2 

Fraction  of  length  of  ramp  2 from 
forward  edge  to  actuator  location 

39 

XK22 

19 

0.8 

Fraction  of  length  of  ramp  2 from 
aft  edge  to  actuator  location 

40 

XH21 

20 

0.1 

Panel  depth  to  length  ratio  for 
ramp  1 

41 

XH2^ 

21 

0.07 

Panel  depth  to  length  ratio  for 
ramp  2 

42 

XHT2 

22 

0.1 

Panel  depth  to  width  ratio  for  each 
ramp 

43 

XHTA2 

23 

0.15 

Actuator  beam  depth  to  panel  width 
ratio  for  ramp  2 

44 

ALPHA2 

24 

30.0 

Angle  between  projected  face  of 
ramp  1 and  ramp  2,  deg 

DATR  locations  45 

through  67  contain  data  for  three -ramp  system 

45 

XIL31 

25 

1.0 

Ramp  1 panel  weight  correlation 
factor 

46 

XIT31 

26 

1.0 

Ramp  1 transverse  beam  weight 
correlation  factor 

47 

XIM31 

27 

1.0 

Ramp  1 minimum  weight  correlation 
factor 

48 

XIL32 

28 

1.0 

Ramp  2 panel  weight  correlation 
factor 

49 

XIT32 

29 

1.0 

Ramp  2 transverse  beam  weight 
correlation  factor 

50 

XIM32 

30 

1.0 

Ramp  2 minimum  weight  correlation 
factor 

i 
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TABLE  15.  DATR  AND  DR  ARRAY  VARIABLES  (CONT) 


DATR  Array 

DR  Array 

Loc 

Variable 

Name 

Loc 

Value 

Description 

Subroutine 
Reference  a 

SI 

XIL33 

31 

1.0 

Ramp  3 panel  weight  correlation 
factor 

52 

XI  THIS 

32 

1.0 

Ramp  3 forward  hinge  beam  weight 
correlation  factor 

S3 

XITA3 

33 

1.0 

Ramp  3 actuator  beam  weight 
correlatic  factor 

54 

X IT/M  13 

34 

1.0 

Ramp  3 aft  hinge  beam  weight 
correlation  factor 

55 

XIM33 

35 

1.0 

Ramp  3 minimum  weight  correlation 
factor 

56 

XP31 

36 

0.2 

Differential  pressure  on  ranp  1, 
fraction  of  ultimate  hammershock 
pressure 

57 

XP32 

37 

0.5 

Differential  pressure  on  ramp  2, 
fraction  of  ultimate  hanmershock 
pressure 

58 

XP33 

38 

0.4 

Differential  pressure  on  ramp  3, 
fraction  of  ultimate  hanmershock 
pressure 

59 

XK31 

39 

0.9 

Fraction  of  length  of  ramp  1 from 
forward  edge  to  actuator  location 

60 

XK32 

40 

0.2 

Fraction  of  length  of  ramp  3 from 
forward  edge  to  actuator  location 

61 

XK33 

41 

0.8 

Fraction  of  length  of  ramp  3 from 
aft  edge  to  actuator  location 

62 

XI 131 

42 

0.2 

Panel  depth  to  length  ratio  for 
ramp  1 

63 

XI 132 

43 

0.1 

Panel  depth  to  length  ratio  for 
ramp  2 

64 

XI 133 

44 

0.07 

Panel  depth  to  length  ratio  for 
ramp  3 

65 

xi  n 3 

45 

0.1 

Panel  depth  to  width  ratio  for  each 
ramp 

66 

XH1A5 

46 

0.15 

Actuator  beam  depth  to  panel  width 
ratio  for  ramp  3 

67 

ALPILX3 

47 

30.0 

Angle  between  projected  face  of  ramp 
2 and  ramp  3,  deg 

DATR  locations  68  through  98  contain  data  for  four-ramp  system 
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TABLE  15.  DATR  AND  DR  ARRAY  VARIABLES  (CONT) 


DATR  Array 

DR  Array 

Loc 

Variable 

Name 

Loc 

Value 

Description 

Subroutine  1 
Reference3 

68 

XIL41 

48 

1.0 

Ramp  1 panel  weight  correlation 
factor 

69 

XIT41 

49 

1.0 

Ramp  1 transverse  beam  weight 
correlation  factor 

70 

XIM41 

50 

1.0 

Ramp  1 minimum  weight  correlation 
factor 

71 

XIL42 

51 

1.0 

Ramp  2 panel  weight  correlation 
factor 

72 

XIT42 

52 

1.0 

Ramp  2 transverse  beam  weight 
correlation  factor 

73 

XIM42 

53 

1.0 

Ramp  2 minimum  weight  correlation 
factor 

74 

XIL43 

54 

1.0 

Ramp  3 panel  weight  correlation 
factor 

75 

XITFH4 

55 

1.0 

Ramp  3 forward  hinge  beam  weight 
correlation  factor 

76 

XITFA4 

56 

1.0 

Ramp  3 forward  actuator  beam  weight 
correlation  factor 

77 

XITAA4 

57 

1.0 

Ramp  3 aft  actuator  beam  weight 
correlation  factor 

78 

XITAH4 

58 

1.0 

Ramp  3 aft  hinge  beam  weight 
correlation  factor 

79 

XIM43 

59 

1.0 

Ramp  3 minimum  weight  correlation 
factor 

80 

XIL44 

60 

1.0 

Ramp  4 panel  weight  correlation 
factor 

81 

XIT44 

61 

1.0 

Ramp  4 transverse  beam  weight 
correlation  factor 

82 

XIM44 

62 

1.0 

Ramp  4 minimum  weight  correlation 
factor 

83 

XP41 

63 

0.6 

Differential  pressure  on  ramp  1, 
fraction  of  ultimate  hammershock 
pressure 

84 

XP42 

64 

1.0 

Differential  pressure  on  ramp  2, 
fraction  of  ultimate  hammershock 
pressure 

85 

XP43 

65 

1.0 

Differential  pressure  on  ramp  3, 
fraction  of  ultimate  hammershock 
pressure 
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TABLE  15.  DATR  and  DR  ARRAY  VARIABLES  (CONT) 


DATR  Array 

DR  Array 

Loc 

Variable 

Name 

Loc 

Value 

Description 

Subroutine 

Reference3 

86 

XP44 

66 

0.4 

Differential  pressure  on  ramp  4, 
fraction  of  ultimate  hammershock 
pressure 

87 

XK41 

67 

0.1 

Fraction  of  length  of  ramp  3 from 
forward  edge  to  forward  actuator 
location 

88 

XK42 

68 

0.75 

Fraction  of  length  of  ramp  3 
distance  between  actuators 

89 

XK43 

69 

0.15 

Fraction  of  length  of  ramp  3 from 
aft  edge  to  aft  actuator  location 

90 

XK44 

70 

0.9 

Fraction  of  length  of  ramp  1 from 
forward  edge  to  actuator  location 

91 

XH41 

71 

0.1 

Panel  depth  to  length  ratio  for 
ramp  1 

92 

XH42 

72 

0.1 

Panel  depth  to  length  ratio  for 
ramp  2 

93 

XH43 

73 

0.08 

Panel  depth  to  length  ratio  for 
ramp  3 

94 

XI 144 

74 

0.1 

Panel  depth  to  length  ratio  for 
ramp  4 

95 

XHT4 

75 

0.1 

Panel  depth  to  width  ratio  for 
each  ramp 

96 

xirrA4 

76 

0.125 

Actuator  beam  depth  to  panel  width 
ratio  for  ramp  3 

97 

GANNA 

77 

20.0 

Angle  between  projected  face  of 
ramp  2 and  ramp  3,  deg 

98 

SIGNLV 

78 

10.0 

Angle  between  projected  face  of 
ramp  3 and  ramp  4,  deg 

DATR  locations  99  through  113  contain  minimum  gage  data 

99 

TCA 

79 

0.04 

Aluminum  cap  thickness,  in. 

100 

m 

80 

0.02 

Aluminum  web  thickness,  in. 

101 

TSA 

81 

0.015 

Aluminum  honeycomb  face  sheet 
thickness,  in. 

102 

TBARFA 

82 

0.04 

Aluminum  front  sheet  thickness,  in. 

103 

TBARRA 

83 

0.015 

Aluminum  rear  sheet  thickness,  in. 

104 

TCT 

84 

0.025 

Titanium  cap  thickness,  in. 

105 

WT 

85 

0.013 

Titanium  web  thickness,  in. 
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TABLE  15.  DATR  AND  DR  ARRAY  VARIABLES  (CQNCL) 


DATR  Array 

DR  Array 

Description 

Subroutine 

Reference* 

Loc 

Variable 

Name 

Loc 

Value 

106 

TST 

86 

0.01 

Titanium  honeycanb  face  sheet 

thickness,  in. 

107 

TBARFT 

87 

0.025 

Titanium  front  sheet  thickness, 

in. 

108 

TBARAT 

88 

0.01 

Titanium  rear  sheet  thickness,  in. 

109 

TCS 

89 

0.02 

Steel  cap  thickness,  in. 

110 

TWT 

90 

0.01 

Steel  web  thickness,  in. 

111 

TST 

91 

0.01 

Steel  honeycomb  face  sheet 

thickness,  in. 

112 

TBARFS 

92 

0.02 

Steel  front  sheet  thickness,  in. 

113 

TBARAS 

93 

0.01 

Steel  rear  sheet  thickness,  in. 

114 

Not  used 

• 

To 

120 

Not  used 

1 

NOTE  DATR  array  starts  at  connon  location  401,  DR  array  starts  at  cannon 
location  641,  If  DATR  values  are  not  defined  in  the  input  data  set, 
DR  values  are  transferred  to  the  corresponding  DATR  locations. 


aAll  variables  in  these  arrays,  with  the  exception  of  DATR(17),  DATR(18), 
and  DATR(19),  are  used  in  subroutine  RAMPS.  DR  array  is  o*J.y  used  in 
subroutine  RAMPS. 
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TABLE  16.  DATS  ENGINE  SECTION  AND  AIR  INDUCTION 
SYSTEM  INPUT  DATA  ARRAY  VARIABLES 


Loc 

Description 

Subroutine 

Reference 

1 

IPT,  number  of  nacelles 

AISW,  MISCCM,  PYLONS 

2 

EGTP,  engine  bypass  ratio 

SUMARY 

AISW,  DSGNP 

3 

IVG,  inlet  type 

AISMN 

4 

1.0  • fixed  duct 

2.0  ■ fixed  spike 

3.0  ■ horizontal  ramp 

4.0  ■ vertical  ramp 

5.0  * translating  spike 

6.0  ■ translating  and^expanding  spike 
Capture  area  per  inlet,  in. 

AISMN,  SPIKE 

5 

Number  of  Inlets 

AIJMN,  SPIKE 

6 

Distance,  leading  edge  of  inlet  to  throat, 

AISMN,  SPIKE,  DUCPNL, 

7 

in. 

Number  of  engines  per  vehicle 

DUCFRM 

AISMN,  NACELE,  MISCCM, 

8 

Maximum  sea- level  static  thrust  per  engine, 

PYLONS 

AISW 

9 

lb. 

Weight  per  engine,  lb 

AISW,  MISCOM,  PYLONS 

10 

Engine  length,  in. 

AISMN 

11 

Engine  maximum  diameter,  in. 

AISMN,  MISCOM 

12 

Distance  from  front  face  to  engine  center 

AISMN,  MISCCM 

13 

of  gravity,  in. 

X- station  inlet  leading  edge  of  inboard 

AISMN,  SUMARY 

14 

engine  package,  in. 

Y-station  inboard  nacelle  centerline  at 

AISMN,  PYLONS 

15 

engine  front  face,  in. 

Z-station  inboard  nacelle  centerline  at 

AISMN 

16 

engine  front  face,  in. 

X- station  inlet  leading  edge  of  outboard 

AISMN,  SUMARY 

17 

engine  package,  in. 

Y-station  outboard  nacelle  centerline  at 

AISMN,  PYLONS 

18 

engine  front  face,  in. 

Z-station  outboard  nacelle  centerline  at 

AISMN 

19 

20 

engine  front  face,  in. 

Not  used 

Pylon,  sweep  of  leading  edge,  deg 

AISMN,  PYLONS 
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TABLE  16.  DATS  ENGINE  SECTION  AND  AIR  INDUCTION 

SYSTEM  INPUT  DATA  ARRAY  VARIABLES  (CONCL) 


Loc 

Description 

Subroutine 

Reference 

21 

Pylon  type  of  mounting 

AISMN,  PYLONS 

22 

0 ■ vertical 

1 ■ horizontal 

Pylon,  chord  of  inboard,  in. 

AISMN,  PYLONS 

23 

Pylon,  span  of  inboard,  in. 

AISMN,  PYLONS 

24 

Pylon,  chord  of  outboard,  in. 

AISMN,  PYLONS 

2S 

Pylon,  span  of  outboard,  in. 

AISMN,  PYLONS 

26 

Pylon,  thickness  to  chord  ratio  2 

AISW,  PYLONS 

27 

Auxiliary  inlet  door  area  per  nacelle  ft 

AI34N,  MI 3COM 

28 

Duct  bypass  door  area  per  nacelle,  ft” 

AISMN,  MISCGM 

29 

Miscellaneous  door  area  per  nacelle,  ft2 

AISW,  MISG0M 

30 

Shroud  indicator 

AISMN,  MISCOM 

31 

0.0  ■ no  shroud 
1.0  ■ shroud 
>1.0  - shroud  area,  ft2 
Duct  structural  material  identification 

AISMN,  MCNTL1 

32 

number 

Variable-geometry  ramps  structural 

AISMN,  NCNTL1 

33 

material  identification  number 

Nacelle  structural  material  identification 

AISMN,  MCNTL1 

34 

35 

36 

number 
Not  used 
Not  used 

Yaw  velocity,  radian/sec 

AISMN,  PYLONS 

37 

Maximum  vertical  maneuver  load  factor 

AISW,  PYLONS 

NOTE 

DATS  array  starts  at  common  location  281. 

i 
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TABLE  17.  EQU  ARRAY  VARIABLES 


Loc 

Value 

Description 

Subroutine 

Reference 

1 

36.08924 

Altitude,  1,000  ft 

TE4PR 

2 

2116.22 

Ambient  pressure  at  sea  level,  psf 

TEMPR 

3 

0.00687559 

Curve  fit  constant 

TEMPR 

4 

5.25591 

Curve  fit  constant 

TEMPR 

5 

65.61688 

Altitude,  1,000  ft 

TCMPR 

6 

20.80556 

Curve  fit  constant 

TEMPR 

7 

472.68 

Ambient  pressure  at  36,089  ft,  psf 

TEMPR 

8 

104.9869 

Altitude,  1,000  ft 

TEMPR 

9 

114.345 

Ambient  pressure  at  65,617  ft,  psf 

TEMPR 

10 

389.97 

Curve  fit  constant 

TEMPR 

11 

-34.1634 

Curve  fit  constant 

TEMPR 

12 

0.548641 

Curve  fit  constant 

TEMPR 

13 

18.131 

Ambient  pressure  at  104,987  ft,  psf 

TEMPR 

14 

1.53619 

Curve  fit  constant 

TH4PR 

15 

411.57 

Ambient  temperature  at  104,987  ft,  0 R 

TEMPR 

16 

-12.2012 

Curve  fit  constant 

TEMPR 

17 

154.19948 

Altitude,  1,000  ft 

TEMPR 

18 

518.67 

Ambient  temperature  at  sea  level,  0 R 

TEMPR 

19 

3.56616 

Curve  fit  constant 

TEMPR 

20 

389.97 

Ambient  temperature  between  36,089  and 
and  65,617  ft,  0 R 

TEMPR 

21 

0.00000304 

Curve  fit  constant 

SPAL 

22 

53.3 

Gas  constant,  ft-lb/lb/0  R 

SPAL 

23 

1.4 

Ratio  of  specific  heats 

SPAL 

24 

0.075 

Constant -pres  sure  recovery  calculation 

SPAL 

25 

1.35 

Constant-pressure  recovery  calculation 

SPAL 

26 

0.3 

Constant  airflow  at  engine,  M 

SPAL 

27 

0.5 

Constant  airflow  at  engine,  M 

SPAL 

28 

460.0 

Conversion  0 R to  0 F 

MCNTL1 , PRECRT 

29 

12.53 

Fixed  spike  weight  estimate  constant 

SPIKE 

30 

15.65 

Translating  spike  weight  estimate 
constant 

SPIKE 

31 

51.8 

Translating  and  expanding  spike 
estimate  constant 

SPIKE 

32 

0.8 

Constant-static -pressure  calculation 

DSGNP 

33 

0.05 

Constant-static-pressure  calculation 

DSGNP 

34 

400.0 

Constant-hanrvershock  pressure 
calculation 

DSGNP 

35 

1.019056 

Cons tant-hamver shock  pressure 
calculation 

DSGNP 
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TABLE  17.  EQU  ARRAY  VARIABLES  (CONT) 


Loc 

Value 

1 “ n 

Description 

Subroutine 

Reference 

36 

0.0289156 

Constant-hammershock  pressure 
calculation 

DSGNP 

37 

1.350112 

Constant-hammershock  pressure 
calculation 

DSGNP 

38 

0.664319 

Constant-hammershock  pressure 
calculation 

DSGNP 

39 

1.5 

Constant-hammershock  pressure 
calculation 

DSGNP 

40 

0.00602627 

Constant-hammershock  pressure 
calculation 

DSGNP 

41 

0.080725 

Constant-hammershock  pressure 
calculation 

DSCUP 

42 

3.16503 

Constant -hammershock  pressure 
calculation 

DSGNP 

43 

1.588524 

Constant-hammershock  pressure 
calculation 

DSGNP 

44 

1100.0 

Constant-hammershock  pressure 
calculation 

DSGNP 

45 

2.5 

Constant-hammershock  pressure 
calculation 

DSGNP 

46 

0.770476 

Constant-hammershock  pressure 
calculation 

DSGNP 

47 

0.1482515 

Constant-hammershock  pressure 
calculation 

DSGNP 

48 

4.371758 

Constant-hammershock  pressure 
calculation 

DSGNP 

49 

2.114969 

Constant-hammershock  pressure 
calculation 

DSGNP 

50 

900.0 

Constant-hammershock  pressure 
calculation 

DSGNP 

51 

1.538116 

Constant-hammershock  pressure 
calculation 

DSGNP 

52 

0.3029697 

Constant-hammershock  pressure 
calculation 

DSGNP 

53 

0.4872335 

Constant-hammershock  pressure 
calculation 

DSGNP 

54 

0.4653126 

Constant-hammershock  pressure 
calculation 

DSGNP 

55 

700.0 

Constant-hammershock  pressure 
calculation 

DSGNP 
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TABLE  17.  EQU  ARRAY  VARIABLES  (COOT) 


Loc 

Value 

Description 

Subroutine 

Reference 

56 

• 

60 

Not  used 
To 

Not  used 

61 

1.6 

Constant-hamnershock  pressure 
calculation 

DSGNP 

62 

0.984 

Constant-hamnershock  pressure 
calculation 

DSGNP 

63 

0.0074 

Constant-hamnershock  pressure 
calculation 

DSGNP 

64 

65 
• 

80 

0.0263 

Constant-hamnershock  pressure 

calculation 

Not  used 

To 

Not  used 

DSGNP 

81 

0.03 

Maximum  ratio  of  deflection  to 
frame  spacing  at  inlet  throat 
(deflection  criteria) , in. /in. 

DUCPNL 

82 

0.06 

Maximum  ratio  of  deflection  to 
frame  spacing  aft  of  inlet  throat 
(deflection  criteria),  in. /in. 

DUCPNL 

83 

0.071853 

Panel  deflection  equation  constant 
for  pressure  loading 

DUCPNL 

84 

0.666667 

Panel  deflection  equation  constant 
for  pressure  loading 

DUCPNL 

85 

2.666667 

Panel  deflection  equation  constant 
for  pressure  loading 

DUCPNL 

86 

1.666667 

Panel  deflection  equation  constant 
for  pressure  loading 

DUCPNL 

87 

1.3769 

Panel  thickness  at  midspan  equation 
constant  for  pressure  loading 

DUCPNL 

88 

2.484 

Panel  thickness  at  midspan  equation 
constant  for  pressure  loading 

DUCPNL 

89 

1.984 

Panel  thickness  at  midspan  equation 
constant  for  pressure  loading 

DUCPNL 

90 

4.467 

Panel  thickness  at  midspan  equation 
constant  for  pressure  loading 

DUCPNL 

91 

1.646 

Panel  thickness  at  edge  equation 
constant  for  pressure  loading 

DUCPNL 

92 

0.894 

Panel  thickness  at  edge  equation 
constant  for  pressure  loading 

DUCPNL 
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TABLE  17.  EQU  ARRAY  VARIABLES  (CCNT) 


Loc 

Value 

Description 

Subroutine 

Reference 

93 

0.394 

Panel  thickness  at  edge  equation 
constant  for  pressure  loading 

DUCPNL 

94 

1.288 

Panel  thickness  at  edge  equation 
constant  for  pressure  loading 

DUCPNL 

95 

2.5 

Maximum  land  thickness  to  field 
thickness  ratio 

DUCPNL 

96 

4.0 

Duct  lip  unit  weight,  psf 

DUCWET 

97 

0.4851674 

Constant  for  calculation  of  flutter 
parameter,  function  of  mach  number 

NACELE 

98 

1.166456 

Constant  for  calculation  of  flutter 
parameter,  function  of  mach  nunber 

NACELE 

99 

0.488412 

Constant  for  calculation  of  flutter 
parameter,  function  of  mach  number 

NACELE 

100 

0.4037203 

Constant  for  calculation  of  flutter 
parameter,  function  of  mach  number 

NACELE 

101 

1.4 

Constant  for  calculation  of  flutter 
parameter,  function  of  mach  number 

NACELE 

102 

0.6 

Constant  for  calculation  of  flutter 
parameter,  function  of  mach  number 

NACELE 

103 

0.484927 

Constant  for  calculation  of  flutter 
parameter,  function  of  mach  nunber 

NACELE 

104 

0.555184 

Constant  for  calculation  of  cover 
flutter  thickness  parameter 

NACELE 

105 

0.1686944 

Constant  for  calculation  of  cover 
flutter  thickness  parameter 

NACELE 

106 

0.02169992 

Constant  for  calculation  of  cover 
flutter  thickness  parameter 

NACELE 

107 

0.000963694 

Constant  for  calculation  of  cover 
flutter  thickness  parameter 

NACELE 

108 

12.0 

Pylon  unit  weight,  psf 

PYLONS 

109 

141.3125 

Fitting  weight  calculation  parameter 

PYLONS 

110 

78,2 

Fitting  weight  calculation  parameter 

PYLONS 

111 

0.000025 

Fitting  weight  calculation  parameter 

PYLONS 

112 

0.015 

Engine  mount  weight  estimate  factor, 
fraction  of  engine  weight 

MISCCM 

113 

12.0 

Auxiliary  inlet  door  unit  weight,  psf 

MISGCM 

114 

15.0 

Duct  bypass  door  unit  weight,  psf 

MISCCM 

115 

2.93 

Engine  removal  door  unit  weight,  psf 

MISCOM 

116 

2.5 

Miscellaneous  doors  unit  weight,  psf 

MISCCM 

117 

0.8 

Firewalls  and  shrouds  unit  weight, 
psf 

MISCCM 

TABLE  17.  EQU  ARRAY  VARIABLES  (CONCL) 


Loc 

Value 

Description 

Subroutine 

Reference 

118 

5.0 

Engine  compartment  clearance 
constant,  in. 

MISCOM 

119 

0.026 

Unit  weight  of  exterior  finish, 
psf 

MISCOM 

120 

121 

• 

190 

1.0 

Nacelle  load  redistribution 
structure  unit  weight,  psf 
Not  used 
To 

Not  used 

NACELE 

191 

1.0 

DATK  (1) , Duct  weight  index  factor 

AISMN,  DUCTS 

192 

1.0 

DATK  (2),  Nacelle  frame  weight 
index  factor 

AISMN,  NACELE 

193 

DATK  (3) , Nacelle  cover  weight  index 
factor 

AISMN,  NACELE 

194 

195 
• 

200 

DATK  (4) , Nacelle  longitudinal 
members  weight  index  factor 
DATK  (5),  Not  used 
To 

DATK  (10) , Not  used 

AISMN,  NACELE 

NOTE 

EQU  array  starts  at  common  location  81. 
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TABLE  18.  F ARRAY  RAMP  TITLES 


Locations 

Title  Data 

Used  With  , 
AIS  Data  Loc 

1 - 10 

21  CL 

421 

11  - 20 

22  PERCENT  OF  COMPRESSION  YIELD 

422 

21  - 30 

23  PERCENT  OF  SHEAR  ULTIMATE 

423 

31  - 40 

24  XW 

424 

41  - 50 

25  CT 

425 

51  - 60 

26  DENSITY  OF  CORE  (PSF) 

426 

61  - 70 

27  DENSITY  OF  ADHESIVE  (PSF) 

427 

71  - 80 

28  INDEX  RAMP  1 LONGITUDINAL 

428 

81  - 90 

29  INDEX  RAMP  1 TRANSVERSE 

429 

91  - 100 

30  INDEX  RAMP  2 MINIMUM  GAGE 

430 

101  - 110 

31  INDEX  RAMP  2 LONGITUDINAL 

431 

111  - 120 

32  INDEX  RAMP  2 FWD  HINGE  BEAM 

432 

121  - 130 

33  INDEX  RAMP  2 ACTUATOR  BEAM 

433 

131  - 140 

34  INDEX  RAMP  2 AFT  HINGE  BEAM 

434 

141  - 150 

35  INDEX  RAMP  2 MINIMUM  GAGE 

435 

151  - 160 

36  PERCENT  HANMERSHOCK  RAMP  1 

436 

161  - 170 

37  PERCENT  HANMERSHOCK  RAMP  2 

437 

171  - 180 

38  K21 

438 

181  - 190 

39  K22 

439 

191  - 200 

40  H21 

440 

201  - 210 

41  H22 

441 

211  - 220 

42  HT2 

442 

221  - 230 

43  HTA2 

443 

231  - 240 

44  ANGLE  RAMP  1 - RAMP  2 

444 

241  - 250 

45  INDEX  RAMP  1 LONGITUDINAL 

445 

251  - 260 

46  INDEX  RAMP  1 TRANSVERSE 

446 

261  - 270 

47  INDEX  RAMP  1 MINIMUM  GAGE 

447 

271  - 280 

48  INDEX  RAMP  2 LONGITUDINAL 

448 

281  - 290 

49  INDEX  RAMP  2 TRANSVERSE 

449 

291  - 300 

50  INDEX  RAMP  2 MINIMUM  GAGE 

450 

301  - 310 

51  INDEX  RAMP  3 LONGITUDINAL 

451 

311  - 320 

52  INDEX  RAMP  3 FWD  HINGE  BEAM 

452 

321  - 330 

53  INDEX  RAMP  3 ACTUATOR  BEAM 

453 

331  - 340 

54  INDEX  RAMP  3 AFT  HINGE  BEAM 

454 

341  - 350 

55  INDEX  RAMP  3 MINIMUM  GAGE 

455 

351  - 360 

56  PERCENT  HANMERSHOCK  RAMP  1 

456 

361  - 370 

57  PERCENT  HANMERSHOCK  RAMP  2 

457 

371  - 380 

58  PERCENT  HANMERSHOCK  RAMP  3 

458 

381  - 390 

59  K31 

459 

391  - 400 

60  K32 

460 

401  - 410 

61  K33 

461 
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TABLE  18.  F ARRAY  RAMI’  TITLES  (CONT) 


Locations 

Title  Data 

Used  With 
AIS  Data  Loc 

411  - 420 

62  H31 

462 

421  - 430 

63  H32 

463 

431  - 440 

64  H33 

464 

441  - 450 

65  HT3 

465 

451  - 460 

66  HTA3 

466 

461  - 470 

67  ANGLE  RAMP  2 - RAMP  3 

467 

471  - 480 

68  INDEX  RAMP  1 LONGITUDINAL 

468 

481  - 490 

69  INDEX  RAMP  1 TRANSVERSE 

469 

491  - 500 

70  INDEX  RAMP  1 MINIMUM  GAGE 

470 

501  - 510 

71  INDEX  RAMP  2 LONGITUDINAL 

471 

511  - 520 

72  INDEX  RAMP  2 TRANSVERSE 

472 

521  - 530 

73  INDEX  RAMP  2 MINIMUM  GAGE 

473 

531  - 540 

74  INDEX  RAMP  3 LONGITUDINAL 

474 

541  - 550 

75  INDEX  RAMP  3 FWD  HINGE  BEAM 

475 

551  - 560 

76  INDEX  RAMP  3 FWD  ACTUATOR  BEAM 

476 

561  - 570 

77  INDEX  RAMP  3 AFT  ACTUATOR  BEAM 

477 

571  - 580 

78  INDEX  RAMP  3 AFT  HINGE  BEAM 

478 

581  - 590 

79  INDEX  RAMP  3 MINIMUM  GAGE 

479 

591  - 600 

80  INDEX  RAMP  4 LONGITUDINAL 

480 

601  - 610 

81  INDEX  RAMP  4 TRANSVERSE 

481 

611  - 620 

82  INDEX  RAMP  4 MINIMUM  GAGE 

482 

621  - 630 

83  PERCENT  HANWERSHOCK  RAMP  1 

483 

631  * 640 

84  PERCENT  HAMMERSHOCK  RAMP  2 

484 

641  - 650 

85  PERCENT  HANWERSHOCK  RAMP  3 

485 

651  - 660 

86  PERCENT  HAMMERSHOCK  RAMP  4 

486 

661  - 670 

87  K41 

487 

671  - 680 

88  K42 

488 

681  - 690 

89  K43 

489 

691  - 700 

90  K44 

490 

701  - 710 

91  H41 

491 

711  - 720 

92  H42 

492 

721  - 730 

93  H43 

493 

731  - 740 

94  H44 

494 

741  - 750 

95  HT4 

495 

751  - 760 

96  HTA4 

496 

761  - 770 

97  ANGLE  RAMP  2 - RAMP  3 

497 

771  - 780 

98  ANGLY  RAMP  3 - RAMP  4 

498 

781  - 790 

99  ALUMINUM  TC 

499 

791  - 800 

100  ALUMINUM  TO 

506 

801  - 810 

101  ALUMINUM  TS 

507 

811  - 820 

102  ALUMINUM  TBARF 

508 
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TABLE  18.  F ARRAY  RAMP  TITLES  (CONCL) 


Locations 

Title  Data 

Used  With 
AIS  Data  Loc 

821  - 830 

103  ALUMINUM  TBARR 

509 

831  - 840 

104  TITANIUM  TC 

510 

141  • 850 

105  TITANIUM  TW 

511 

851  - 860 

106  TITANIUM  TS 

512 

861  - 870 

107  TITANIUM  TRARF 

513 

871  - 880 

108  TITANIUM  TBARR 

514 

881  - 890 

109  STEEL  TC 

515 

891  - 900 

110  STEEL  TW 

516 

901  - 910 

111  STEEL  TS 

517 

911  - 920 

112  STEEL  TBARF 

518 

921  - 930 

113  STEEL  TBARR 

519 

NOTE  F array  starts  at  common  location  771. 
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TABLE  19.  ND  ARRAY  VARIABLES 


Loc 

Variable 

Name 

Description 

1 

Not  used 

• 

To 

58 

Not  used 

59 

NMATL 

Number  of  arrays  of  material 
properties  in  mass  storage  file, 
records  41  through  60 

60 

MATLI 

Material  identification  number 

61 

Not  used 

• 

To 

92 

Not  used 

93 

IF3 

Material  properties  library  file 
record  number 

94 

IF4 

Calculated  material  properties 
file  record  number 

95 

Not  used 

• 

To 

100 

Not  used 

101 

I 

Scratch  counter,  also  duct  cut 
counter  in  routines  referenced 

102 

J 

Scratch  counter 

103 

K 

Scratch  counter 

104 

L 

Scratch  counter,  also  duct  cut 
counter  in  routines  referenced 

105 

Not  used 

106 

N 

Scratch  counter 

107 

II 

Counter  through  nine  speed 
profile  points 

108 

JJ 

Counter  for  Nfy  and  Ml  at 
each  speed  profile  altitude 

109 

KK 

Scratch  counter 

110 

Not  used 

111 

ITP 

Number  of  nacelles 

112 

IVG 

Inlet* type  indicator 

1 * fixed  duct 

2 = fixed  spike 

3 = horizontal  ramp 

4 ■ vertical  ramp 

5 B translating  spike 

6 ■ translating  and 

expanding  spike 

Subroutine 

Reference 


AISM.MCNTL1 


MCNTL1  ,MATLP2 


MCNTL1 

MCNTL1.PRECRT, 
NACELE,  PYLONS 


DUCTS, DUCPNL, 

DUCFRM 

Most 

Most 

DUCTS,  FRMND3, 
FRMELD 

MCNTL1  .MATLF1 , 
MATLP2 

MCNTL1  ,MATLP2 
MCNTL1 

MCNTL1  ,MATLP2 , 
FRMND3,  FRMELD 

AISMN 

AIS4N,DSGNP, 
MCNTL1,  SPIKE, 
DUCWET, SUMARY 
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TABLE  19.  ND  ARRAY  VARIABLES  (CON'D 


— 

Loc 

Variable 

Name 

Description 

Subroutine 

Reference 

113 

Not  used 

114 

IGD 

Duct  leading  edge-type 
indicator 

0 * complete  section 

1 = vertical  lip 

2 * horizontal  lip 

DUCTS, DCTGEO, 
DUCWET 

115 

NC 

Number  of  input  duct  cuts 

DUCTS, DCTGEO, 
DUCPNL.DUCFRM, 
DUCWET, NACELE, 
MISCOM 

116 

KC 

Duct  perimeter  code 

1 = perimeter  input 

2 * perimeter  correction 

factor  input 

DUCTS, DCTGEO 

117 

I CRT 

Critical  design  point  on 
speed  profile 

PRECRT 

118 

IQ 

Number  of  frame  segments  per 
quadrant 

DUCTS,  FRMND3, 
FRMELD 

119 

IFF 

Number  of  frame  segments 

DUCTS,  FRMND3, 
FRMELD, DUCFRM 

120 

IC 

Number  of  frame  cuts 

DUCTS, FRMELD, 

121 

IFRM 

Frame  spacing  search  pass 
counter 

1 = initial  spacing 

2 ■ second  or  subsequent 

spacing 

3 ■ final  or  fixed  spacing 

DUCTS 

122 

IMIL 

Duct  panel  mill  indicator 

0 ■ panel  not  milled 

1 ■ panel  milled 

DUCPNL 

123 

NCN 

Number  of  input  nacelle  cuts 

NACELE, NCLGEO, 
MISCOM 

124 

KCN 

Nacelle  perimeter  code 

1 e perimeter  input 

2 ■ perimeter  correction 

factor  input 

NACELE, NCLGEO 
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TABLE  19.  ND  ARRAY  VARIABLES  (CONCL) 


Loc 

Variable 

Name 

Description 

Subroutine 

Reference 

125 

IGN 

Engine  support -type  indicator 

0 ■ engine  directly  mounted 

to  pylon  or  one  engine 
per  nacelle 

1 * multiple  engines  per 

nacelle  with  engines 
mounted  to  nacelle 
structure 

NACELE 

126 

IGN 

Nacelle  leading  edge-type 
indicator 

0 ■ complete  section 

1 - vertical  lip 

2 * horizontal  lip 

NACELE,  NCLGEO 

127 

NFLT 

Speed  profile  point  critical 
for  local  panel  flutter  design 

NACELE 

128 

129 

• 

200 

ICNT 

Design  pressure  point  counter 
Not  used 
To 

Not  used 

DUCFRM 

NOTE: 

ND  array  starts  at  common  location  4201. 
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TABLE  20.  SUM  ARRAY  VARIABLES 


Loc 

Description 

Subroutine 

Reference 

1 

Weight  air  induction  system  structure  per 
vehicle,  lb 

SUMARY,  AISMN 

1 

X-CG  air  induction  system  structure,  in. 

SUMARY,  AISMN’ 

3 

Weight  duct  lip,  per  nacelle  in  DUCTS, 
per  vehicle  in  SUMARY,  lb 

DUCTS,  SUMARY 

4 

X-CG  duct  lip,  relative  to  inlet  leading 
edge  in  DUCTS,  in  vehicle  system  in 
SUMARY,  in. 

DUCTS,  SUMARY 

S 

Weight  duct,  per  nacelle  in  DUCTS,  per 
vehicle  in  SUMARY,  lb 

DUCTS,  SUMARY 

6 

X-CG  duct,  relative  to  inlet  leading 
edge  in  DUCTS,  in  vehicle  system  in 
SUMARY,  in. 

DUCTS,  SUMARY 

7 

Weight  auxiliary  inlet,  per  nacelle  in 
MISCOM,  per  vehicle  in  SUMARY,  lb 

MISCOM,  SUMARY 

8 

X-CG  auxiliary  inlet,  relative  to  inlet 
leading  edge  in  MISCOM,  in  vehicle  sys- 
tem in  SUMARY,  in. 

MISCOM,  SUMARY 

9 

Weight  duct  by  pass  doors,  per  nacelle 
in  MISCOM,  per  vehicle  in  SUMARY,  lb 

MISCOM,  SUMARY 

10 

X-CG  duct  bypass  doors,  relative  to 
inlet  leading  edge  in  MISCOM,  in 
vehicle  system  in  SUMARY,  in. 

MISCOM,  SUMARY 

11 

Weight  two-dimensional  variable- 
geometry  ramp  structure  per  vehicle,  lb 

SUMARY 

12 

X-CG  ramp  structure,  in. 

SUMARY 

13 

Weight  fixed  spike,  per  nacelle  in 
SPIKE,  per  vehicle  in  SUMARY,  lb 

SPIKE,  SUMARY 

14 

X-CG  fixed  spike,  relative  to  inlet 
leading  edge  in  SPIKE,  in  vehicle  sys- 
tem in  SUMARY,  in. 

SPIKE,  SUMARY 

15 

Weight  translating  spike,  per  nacelle 
in  SPIKE,  per  vehicle  in  SUMARY,  lb 

SPIKE,  SUMARY 

16 

X-CG  translating  spike,  relative  to 
inlet  leading  edge  in  SPIKE,  in  vehicle 
system  in  SUMARY,  in. 

SPIKE,  SUMARY 

17 

Weight  translating  and  expanding  spike, 
per  nacelle  in  SPIKE,  per  vehicle  in 
SUMMARY,  lb 

SPIKE,  SUMARY 
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TABLE  20.  SUM  ARRAY  VARIABLES  (CONI') 


Loc 

Description 

Subroutine 

Reference 

18 

X-CG  translating  and  expanding  spike, 
relative  to  inlet  leading  edge  in 
SPIKE,  in  vehicle  system  in  SUMARY,  in. 

SPIKE,  SUMARY 

19 

Not  used 

20 

Not  used 

21 

Weight  engine  mounts,  per  nacelle  in 
MISCCM,  per  inboard  engine  package  in 
SUMARY,  lb 

MISCCM,  SUMARY 

22 

X-CG  engine  mounts,  relative  to  inlet 

MISCCM,  PYLONS, 

leading  edge  in  MISCOM  and  PYLONS,  in 
vehicle  system  in  SUMARY,  in. 

SUMARY 

23 

K sight  engine  mounts  in  outboard 
nacelle  set,  lb 

SUMARY 

24 

X-CG  outboard  nacelle  engine  mounts,  in. 

SUMARY 

25 

Weight  nacelle  frames,  per  nacelle  in 
NACELE,  per  inboard  engine  package  in 
SUMARY,  lb 

NACELE,  SUMARY 

26 

X-CG  nacelle  frames,  relative  to  inlet 
leading  edge  in  NACELE,  in  vehicle  sys- 
tem in  SUMARY,  in. 

NACELE,  SUMARY 

27 

Weight  nacelle  frames  in  outboard 
nacelle  set,  lb 

SUMARY 

28 

X-CG  outboard  nacelle  frames,  in. 

SUMARY 

29 

Weight  nacelle  covers,  per  nacelle 
in  NACELE,  per  inboard  engine  package 
in  SUMARY,  lb 

NACELE,  SUMARY 

30 

X-CG  nacelle  covers,  relative  to  inlet 
loading  edge  in  NACELE,  in  vehicle  sys- 
tem in  SUMARY,  in. 

NACELE,  SUMARY 

31 

Weight  nacelle  frames  in  outboard 
nacelle  set,  lb 

SUMARY 

32 

X-CG  outboard  nacelle  covers,  in. 

SUMARY 

33 

Weight  nacelle  longitudinal  members, 
per  nacelle  in  NACELE,  per  inboard 
engine  package  in  SUMARY,  lb 

NACELE,  SUMARY 

34 

X-CG  nacelle  longitudinal  members, 
relative  to  inlet  leading  edge  in 
NACELE,  in  vehicle  system  in  SUMARY,  in. 

NACELE,  SUMARY 
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TABLE  20.  SUM  ARRAY  VARIABLES  (CONT) 


Loc 

Description 

Subroutine 

Reference 

35 

Weight  nacelle  longitudinal  members  in 
outboard  nacelle  set,  lb 

SUMARY 

36 

X-CG  outboard  nacelle  longitudinal 
members,  in. 

SUMARY 

37 

Weight  inboard  fittings  per  nacelle  in 
PYLONS,  per  inboard  nacelle  set  in 
SUMARY,  lb 

PYLONS,  SUMARY 

38 

X-CG  inboard  fittings,  relative  to  inlet 
leading  edge  in  PYLONS,  in  vehicle  sys- 
tem in  SUMARY , in. 

PYLONS,  SUMARY 

39 

Weight  outboard  fittings  per  nacelle 
in  PYLONS,  per  outboard  nacelle  set  in 
SUMARY,  lb 

PYLONS,  SUMARY 

40 

X-CG  outboard  fittings,  relative  to 
inlet  leading  edge  in  PYLONS,  in 
vehicle  system  in  SUMARY,  in. 

PYLONS,  SUMARY 

41 

Weight  inboard  pylon,  per  nacelle  in 
PYLONS,  per  inboard  nacelle  set  in 
SUMARY,  lb 

PYLONS,  SUMARY 

42 

X-CG  inboard  pylon,  relative  to  inlet 
leading  edge  in  PYLONS,  in  vehicle  sys- 
tem in  SUMARY,  in. 

PYLONS,  SUMARY 

43 

Weight  outboard  pylon,  per  nacelle  in 
PYLONS,  per  outboard  nacelle  set  in 
SUMARY,  lb 

PYLONS,  SUMARY 

44 

X-CG  outboard  pylon,  relative  to  inlet 
leading  edge  in  PYLONS,  in  vehicle 
system  in  SUMARY,  in. 

PYLONS,  SUMARY 

45 

Weight  firewall,  per  n*  elle  in  MISCQM, 
per  inboard  nacelle  set  in  SUMARY,  lb 

MISCOM,  SUMARY 

46 

X-CG  firewall,  relative  to  inlet  lead- 
ing edge  in  MISCQM,  in  vehicle  system 
in  SUMARY,  in. 

MISCCM,  SUMARY 

47 

Weight  firewall  in  outboard  nacelle 
set,  lb 

SUMARY 

48 

X-CG  outboard  nacelle  firewall,  in. 

SUMARY 

49 

Weight  shroud,  per  nacelle  in  MISCOM, 
per  inboard  nacelle  set  in  SUMARY,  lb 

MISCOM,  SUMARY 

50 

X-CG  shroud,  relative  to  inlet  leading 
edge  in  MISCCM,  in  vehicle  system  in 
SUMARY,  in. 

MISCOM,  SUMARY 
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TABLE  20.  SUNN  ARRAY  VARIABLES  (COOT) 


Subroutine 

Loc 

Description 

Reference 

51 

Weight  shroud  in  outboard  nacelle  set, 
lb 

SUMARY 

52 

X-CG  outboard  nacelle  shroud,  in. 

SUMARY 

53 

• 

Not  used 
To 

56 

Not  used 

57 

Weight  inboard  nacelle  and  engii 
section,  lb 

SUMARY,  AISMN 

58 

X-CG  inboard  nacelle  and  engine 
section,  in. 

SUMARY 

59 

Weight  outboard  nacelle  and  engine 
section,  lb 

SUMARY,  AISMN 

60 

X-CG  outboard  nacelle  and  engine 
section,  in. 

SUMARY 

61 

Weight  nacelles  ;ind  engine  section,  lb 

SUMARY 

62 

X-CG  nacelles  and  engine  section,  in 

SUMARY 

63 

Not  used 

64 

Not  used 

65 

Weight  miscellaneous  access  doors,  per 
nacelle  in  MISCOM,  per  vehicle  in 
SUMARY,  lb 

MISCOM,  SUMARY 

66 

X-CG  miscellaneous  access  doors,  rela- 
tive to  inlet  leading  edge  in  MISCOM, 
in  vehicle  system  in  SUMARY,  in. 

MISCOM,  SUMARY 

67 

Weight  engine  removal  doors,  per 
nacelle  in  MISCOM,  per  vehicle  in 
SUMARY,  lb 

MISCOM,  SUMARY 

68 

1 

X-CG  engine  removal  doors,  relative 
to  inlet  leading  edge  in  MISCOM,  in 
vehicle  system  in  SUMARY,  in. 

MISCOM,  SUMARY 

69 

Not  used 

70 

Not  used 

71 

Weight  exterior  finish,  per  nacelle 
in  MISCOM,  per  vehicle  in  SUMARY,  lb 

MISCOM,  SUMARY 

72 

X-CG  exterior  finish,  relative  to  inlet 
leading  edge  in  MISCOM,  in  vehicle  sys- 
tem in  SUMARY,  in. 

MISCOM,  SUMARY 

73 

Weight  doors  panels  and  miscellaneous, 
lb 

SUMARY,  AISMN 
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I'AM.I  ,’H.  SIMM  \KK.\Y  VAU'I  \HI  I N (COMCI.) 


Loc 

Description 

Subroutine 

Reference 

74 

X-CG  doors  panels  and  miscellaneous,  in. 

SUMARY 

75 

Weight  engine  section  and  nacelle  group, 
lb 

SUMARY,  AISMN 

76 

X-CG  engine  section  and  nacelle  group, 
in. 

SUMARY,  AISMN 

77 

Not  used 

200 

Not  used 

NOTH 

SIAM  array  starts  at  common  location  1701. 
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TABLE  21.  TM  ARRAY  VARIABLES 


Engrg 

Symbol 

Description 

Subroutine  Reference 

Temperature  (design),  °F 

MATLF1  ,MCNTL1  ,MATLP2 

P 

Poisson's  ratio 

MATLF1  ,MCMTL1  ,MATLP2 

AC 

Constant  for  compres- 
sion stress-strain  curve 
fit,  in/ in. 

MATLF1  ,MCNTL1  .MATLP2 

Bc 

Constant  for  compres- 
sion stress -strain  curve 
fit,  in2. /lb 

MATLF1  ,MCNTL1  ,MATLP2 

Ec 

Compression  modulus  of 
elasticity,  psi 

MATLF1 ,MCNTL1  ,MATLP2 

fcy 

Compression  yield 
stress,  psi 

MATLF1 ,MCNTL1  ,MATLP2 

At 

Constant  for  tension 
stress -strain  curve 
fit,  in. /in. 

MATLF1 ,MCNTL1  ,MATLP2 

Constant  for  tension 
stress -strain  curve 
fit,  in.2/lb 

MATLF1 ,MCNTL1  ,MATLP2 

Tension  modulus  of 
elasticity,  psi 

MATLF1  ,MCNTL1  ,MATLP2 

fty 

Tension  yield  stress, 
psi 

MATLF1  ,MCMTL1  ,MATLP2 

Material  density,  lb/in.^ 

MATLF1 ,MCNTL1 ,MATLP2 

F 

TU 

Ultimate  tensile 
strength,  psi 

MATLF1 ,MCNTL1 ,MATLP2 

fcpl 

Compressive  stress  at 
proportional  limit,  psi 

MATLF1  ,MCNTL1  .MATLP2 

^RT 

Modulus  of  elasticity  at 
room  temperature,  psi 

MATLF1  ,MCmi  ,MATLP2 

St 

Shear  modulus  at  room 
temperature,  psi 

MATLF1 ,MCNTL1  .MATLP2 

Fsu 

Ultimate  shear  strength, 
psi 

MATLF1  ,JCNTL1  ,MATLP2 

fbru 

Ultimate  bearing 
strength,  psi 

MATLF1  jMCNTLl  ,MATLP2 

Y 

FTU 

Fraction  of  ultimate 
tensile  strength  at 
endurance  limit  for  a 
polished  specimen  under 
cyclic  load 

MATLF1  ,MCNTL1  ,MATLP2 

TABLE  21.  TO  ARRAY  VARIABLES  (COOT) 


Loc 

Engrg 

Symbol 

Description 

Subroutine  Reference 

19 

Stu 

Fraction  of  ultimate 
tension  strength  for 
shell -bending  fatigue 

MATLF1  ,MCNTL1  ,MATLP2 

20 

21- 

30 

Vru 

Fraction  of  ultimate 
tensile  strength  under 
cyclic  pressure  load 
Not  used 

MATLF1  ,MCNTL1  ,MATLP2 

31 

Poisson's  ratio 
(interpolated) 

MATLF1  ,MATLP2 

32 

‘Cl 

Compressive  strain  at 
point  1 (interpolated), 
in. /in. 

MATLF1  ,MATLP2 

33 

‘ C5 

Compressive  strain  at 
point  5 (interpolated), 
in. /in. 

MATLF1  ,MATLP2 

34 

^Cl 

Compressive  stress  at 
point  1 (interpolated), 
in. /in. 

MATLF1  ,MATLP2 

35 

°’C2 

Compressive  stress  at 
point  2 (interpolated), 
psi 

MATLF1  ,MATLP2 

36 

aC3 

Compressive  stress  at 
point  3 (interpolated), 
psi 

MATLF1  ,MATLP2 

37 

trC4 

Compressive  stress  at 
point  4 (interpolated), 
psi 

MATLF1,MATLP2 

38 

<TC5 

Compressive  stress  at 
point  5 (interpolated), 
psi 

MATLF1  ,MATLP2 

39 

«T1 

Tensile  strain  at 
point  1 (interpolated), 
in. /in. 

MATLF1  ,MATLP2 

40 

* T5 

Tensile  strain  at 
point  5 (interpolated), 
in. /in. 

MATLF1  ,MATLP2 

41 

o-Tl 

Tensile  stress  at 
point  1 (interpolated), 
psi 

MATLF1  ,MATLP2 
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TABLE  21.  TM  ARRAY  VARIABLES  (CONT) 


Loc 

Engrg 

Symbol 

Description 

Subroutine  Reference  ; 

42 

trT2 

Tensile  stress  at 
point  2 (interpolated), 
psi 

MATLF1  .MATLP2 

43 

°-T3 

Tensile  stress  at 
point  3 (interpolated), 
psi 

MATLF1  ,MATLP2 

44 

0-T4 

Tensile  stress  at 
point  4 (interpolated), 
psi 

MATLF1  ,MATLP2 

45 

a T5 

Tensile  stress  at 
point  5 (interpolated), 
psi 

MATLF1  ,MATLP2 

46 

F 

TU 

Ultimate  tensile  strength 
(interpolated) , psi 

MATLF1 

47 

Fsu 

Ultimate  shear  strength 
(interpolated) , psi 

MATLF1 

48 

49 

fbru 

Ultimate  bearing 
strength  (interpolated), 
psi 

Not  used 

MATLF1 

50 

“ru 

Fraction  of  ultimate 
tensile  strength  at 
endurance  limit 
(interpolated) 

MATLF1 

51 

kftu 

Fraction  of  ultimate 
tensile  strength  for 
shell -bending  fatigue 

MATLF1 

52 

kftu 

Fraction  of  ultimate 
tensile  strength  under 
cyclic  pressure  load 
(interpolated) 

MATLF1 

53 

kftu 

Fatigue  factor  for 
wing  (interpolated) 

MATLF1 

54 

Kftu 

Fatigue  factor  for 
wing  (interpolated) 

MATLF1 
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TABLE  21.  TO  ARRAY  VARIABLES  (CONT) 


Loc 

Engrg 

Symbol 

Description 

Subroutine  Reference 

55 

Temperature  of  material 
property  data  from 
library  at  temperature 
lower  than  design 
temperature,  °F.  Data 
in  locations  56 
through  79  are  in  same 
order  as  they  appear 
in  locations  31 
through  54. 

MATLF1 

56 

MATLF1 

57 

‘Cl 

MATLF1 

58 

‘C5 

MATLF1 

59 

^Cl 

MATLF1 

60 

MATLF1 

61 

°C3 

MATLF1 

62 

MATLF1 

63 

°fcs 

MATLF1 

64 

‘T1 

MATLF1 

65 

‘IS 

MATLF1 

66 

ail 

MATLF1 

67 

°T2 

MATLF1 

68 

°T3 

MATLF1 

69 

ffT4 

MATLF1 

70 

°T5 

MATLF1 

71 

Pru 

MATLF1 

72 

FSU 

MATLF1 

73 

74 

fbru 

MATLF1 

75 

Kpnj 

MATLF1 

76 

kftu 

MATLF1 

77 

Kfrj 

MATLF1 

78 

Kpnj 

MATLF1 

79 

Kftu 

MATLF1 

80 

Temperature  of  material 
property  data  from 
library  at  temperature 
higher  than  design 
temperature,  °F.  Data 
in  locations  81 

MATLF1 
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TABLE  21.  TM  ARRAY  VARIABLES  (CQNT) 


Loc 

Engrg 

Symbol 

Description 

Subroutine  Reference 

80 

cont 

81 

through  104  are  in  same 
order  as  they  appear  in 
locations  31 
through  54. 

MATLF1 

82 

*C1 

MATLF1 

83 

*C5 

MATLF1 

83 

°C1 

MATLF1 

85 

°C2 

MATLF1 

86 

°C3 

MATLF1 

87 

<rC4 

MATLF1 

88 

ffC5 

MATLF1 

89 

‘T1 

MATLF1 

90 

* 15 

MATLF1 

91 

°T1 

MATLF1 

92 

<rT2 

MATLF1 

93 

°T3 

MATLF1 

94 

°T4 

MATLF1 

95 

^15 

MATLF1 

96 

FTU 

MATLF1 

97 

FSU 

MATLF1 

98 

FBRU 

J1ATLF1 

99 

100 

kFTU 

M\TLF1 

101 

KfTU 

MATLF1 

102 

kftu 

MATLF1 

103 

KfTU 

MATLF1 

104 

kftu 

MATLF1 

105 

• 

t 

• 

109 

Not  used 

Not  used 

no 

A2  5 

Curve  fit  constant 

MATLF1 

in 

A3  5 

for  fit  through  points  2 
and  5,  in. /in. 

Curve  fit  constant  for 

MATLF1 

for  through  points  3 
and  5,  in. /in. 
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TABLE  21.  TM  ARRAY  VARIABLES  (CONCL) 


Engrg 

Loc 

Symbol 

Description 

Subroutine  Reference 

112 

Ai  5 

Curve  fit  constant  for 

MATLF1 

4,5 

fit  through  points  4 
and  5,  in. /in. 

113 

B2  5 

Curve  fit  constant  for 

MATLF1 

2,5 

fit  through  points  2 
and  5,  in. 2/lb 

114 

B3,S 

Curve  fit  constant  for 

MATLF1 

fit  through  points  3 
and  5,  in. 2/lb 

115 

B4,S 

Curve  fit  constant  for 

MATLF1 

fit  through  points  4 
and  5,  in. 2/lb 

116 

Summation  of  errors 
squared  for  curve  2,5 

MATLF1 

117 

Semination  of  errors 
squared  for  curve  3,5 

MATLF1 

118 

Summation  of  errors 
squared  for  curve  4,5 

MATLF1 

119 

• 

Not  used 

• 

• 

160 

Not  used 

NOTE  TM  array  starts  at  cannon  location  3501.  This  array  is  used 
for  interpolation  of  material  data. 
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TABLE  22.  TMD  ARRAY  VARIABLES 


Loc 

Variable 

Name 

Engrg 

Symbol 

Description 

Subroutine 

Description 

1 

MATLI 

Material  identificatior.  number 

MCNTL1 

2 

P 

Material  density,  lb/in.^ 

MCNTL1 

3 

Modulus  of  elasticity  at  room 
temperature,  psi 

MCNIll 

4 

St 

Shear  modulus  at  room  tempera- 
ture, psi 

MCNTL1 

5 

6 

. 

109 

110 

RA 

Reduction  area  for  fatigue 
Not  used 

Not  used 

Temperature  of  material  for 
data  in  locations  111 
through  134,  °F 

MCNTL1 

MCNTL1  ,MATLF1 

111 

Poisson's  ratio 

MCNl’Ll  ,MATLF1 

112 

‘Cl 

Compressive  strain  at 
point  1,  in. /in. 

JCNTLl.MATLFl 

113 

€C5 

Compressive  strain  at 
point  5,  in. /in. 

MCNTL1  ,MATLF1 

114 

ffCl 

Compression  stress  at 
point  1,  psi 

MCNTL1 .MATLF1 

115 

ffC2 

Compression  stress  at 
point  2,  psi 

MCNTL1  ,MATLF1 

116 

^3 

Compression  stress  at 
point  3,  psi 

MCNTL1  ,MATLF1 

117 

°C4 

Compression  stress  at 
point  4,  psi 

MCNrLl  .MATLF1 

118 

aC5 

Compression  stress  at 
point  5,  psi 

M2.NTL1  ,MATLF1 

119 

*T1 

Tensile  strain  at 
point  1,  in. /in. 

MCNTL1.MATLF1 

o 

CM 

iH 

«T5 

Tensile  strain  at 
point  5,  in. /in. 

MCNTL1  .MATLF1 

121 

<tTi 

Tension  stress  at 
point  1,  psi 

MCNTLl  ,MATLF1 

122 

<rT2 

Tension  stress  at 
point  2,  psi 

>OTU,MATLFl 
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TABLE  22.  TH)  ARRAY  VARIABLES  (OONT) 


Loc 

Variable 

Name 

Engrg 

Symbol 

Description 

Subroutine 

Description 

123 

°T3 

Tension  stress  at 
point  3,  psi 

MCWTLl.MATLFl 

124 

°T4 

Tension  stress  at 
point  4,  psi 

MCNTL1  ,MATLF1 

125 

ffT5 

Tension  stress  at 
point  5,  psi 

MCNTU.MATLF1 

126 

F1U 

Ultimate  tensile  strength, 
psi 

MCNTL1 ,MATLF1 

127 

Fsu 

Ultimate  shear  strength, 
psi 

MCNTL1,MATLF1 

128 

129 

fbru 

Ultimate  bearing  strength, 
psi 

Not  used 

MCNTL1 ,MATLF1 

130 

Vru 

Fraction  of  ultimate  tensile 
strength  at  endurance  limit 

MCNTL1.MATLF1 

131 

Vru 

Fraction  of  ultimate  tensile 
strength  for  shell-bending 

MCNTL1  ,MATLF1 

132 

133 

134 

135 

Vru 

JSftu 

Vru 

Fraction  of  ultimate  tensile 
strength  under  cyclic  pres- 
sure load 

Fatigue  factor  for  wing 
Fatigue  factor  for  wing 
Second  temperature,  °F,  of 
material  for  data  in 
locations  136  through  159 

MCNTL1  ,MATLF1 

MCNTL1  ,MATLF1 
MCNTL1  ,MATLF1 
MCNTL1  ,MATLF1 

136 

• 

• 

Refer  to  description  of 
location  111  through 

MCNTL1  ,MATLF1 

• 

159 

160 

description  of  location  134 
Third  temperature,  °F,  of 
material  for  data  in  loca- 
tions 161  through  184 

MCNTL1  ,MATLF1 
MCNTL1 .MATLF1 

161 

• 

• 

Refer  to  description  of 
location  111  through 

MCNTL1  ,MATLF1 

184 

description  of  location  134 

MCNTL1  ,MATLF1 
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TABLE  22.  TOD  ARRAY  VARIABLES  (CONCL) 


Variable 

Engrg 

Subroutine 

Loc 

Name 

Symbol 

Description 

Description 

185 

Fourth  temperature , °F,  of 
material  for  data  in  loc  a- 

MCNTL1  ,MATLF1 

tions  186  through  209 

186 

Refer  to  description  of 

MCNTL1  .MATLF1 

• 

• 

location  111  through 

• 

209 

Kfiu 

description  of  location  134 

MCNTL1  ,MATLF1 

210 

Fifth  temperature,  °F,  of 
material  for  data  in  loca- 
tions 211  through  234 

MCNTL1  .MATLF1 

211 

Refer  to  description  of 

hCNTLl  ,MATLF1 

• 

location  111  through 

• 

234 

kftu 

description  of  location  134 

mcntli,matlf 

235 

Sixth  temperature,  °F,  ut 
material  for  data  in  loca- 

MCNTL1 .MATLF1 

tions  236  through  259 

236 

Refer  to  description  of 

MCNTL1  ,MATLF1 

• 

• 

location  111  through 

t 

259 

description  of  location  134 

MOTL1  .MATLF1 

260 

• 

Not  used 

• 

• 

284 

Not  used 

285 

RM(1) 

Alphanumeric  material 

MCNTL1 ,MATLP2 

• 

descriptive  title 

300 

RM(16J 

1 

MCNTL1  ,'1ATLP2 

w i 

NOTE 

TMD  array  starts  at  conrton  location  3201.  This  array  is  part  of 
the  permanent  data  file  and  is  stored  in  mass  storage  file 

records  41  through  60. 

210 


TABLE  23.  TMS  ARRAY  VARIABLES 


Loc 

Engrg 

Symbol 

Description 

Subroutine  Reference 

Locations  1 through  90  contain  material  properties  data  for  the 

temperature  associated  with  the  maximum  level 

■flight  speed  profile 

Temperature  of  duct 
material,  °F,  locations 
2 through  20  contain 
duct  material  data  at 
this  temperature 
Poisson's  ratio 
Constant  for  compres- 
sion stress-strain 
curve  fit,  in. /in. 
Constant  for  compres- 
sion stress-strain 
curve  fit,  in. 2/lb 
Compression  modulus  of 
elasticity,  psi 
Compression  yield 
stress,  psi 
Constant  for  tension 
stress -strain  curve 
fit,  in. /in. 

Constant  for  tension 
stress-strain  curve 
fit,  in. 2/lb 
Tension  modulus  of 
elasticity,  psi 
Tension  yield 
stress,  psi 
Material  density, 
lb/ in. 

Ultimate  tensile 
strength,  psi 
Compressive  stress  at 
proportional  limit, 
psi 

Modulus  of  elasticity 
at  room  temperature, 
psi 


TABLE  23.  IMS  ARRAY  VARIABLES  (CONI’) 


Loc 

Engrg 

Symbol 

Description 

Subroutine  Reference 

15 

Sit 

Shear  modulus  at  room 
temperature,  psi 

16 

Fsu 

Ultimate  shear 
strength,  psi 

17 

fbru 

Ultimate  bearing 
strength,  psi 

18 

Stu 

Fraction  of  ultimate 
tensile  strength  at 
endurance  limit 

1 

19 

Stu 

Fraction  of  ultimate 
tensile  strength  for 
shell  bending 

20 

21 

• 

KFTU 

Fraction  of  ultimate 
tensile  strength  under 
cyclic  pressure  load 
Not  used 

• 

30 

Not  used 

31 

Temperature  of  ramp 
material,  8F,  loca- 
tions 32  through  50 
contain  ramp  mater- 
ial data  at  this 

temperature 

32 

F 

33 

34 

BC 

35 

36 

fcy 

PRECRT 

37 

Ay 

38 

39 

40 

Fty 

41 

P 

PRECRT 

42 

43 

FCPL 

44 

Brt 

45 

% 
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TABLE  23.  TMS  ARRAY  VARIABLES  (CQNT) 


hOC 

Engrg 

Symbol 

Description 

Subroutine  Reference 

46 

FSU 

PRBCRT 

47 

fBRU 

48 

kFTU 

49 

Kftu 

50 

Kpnj 

51 

• 

Not  used 

• 

• 

60 

Not  used 

61 

Temperature  of  nacelle 

material,  °F,  loca- 

tions  62  through  80 

contain  nacelle  material 

data  at  this  temperature 

62 

P 

63 

Ac 

64 

Be 

65 

% 

66 

fcy 

67 

at 

68 

% 

69 

Et 

70 

fty 

71 

p 

72 

fTU 

73 

fCPL 

74 

Brt 

75 

Grt 

76 

FSU 

77 

fbru 

78 

kftu 

79 

kftu 

80 

kftu 

81 

• 

Not  used 

• 

• 

90 

Not  used 
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TABLE  23.  IMS  ARRAY  VARIABLES  (CQNT) 


Engrg 

Loc 

Symbol 

Description 

Subroutine  Reference 

Locations  91  through  180  contain  material  properties  data  for  the 
temperature  associated  with  the  limit  speed  profile  (Mr ) . Data  are 

organized  in  the 

same  sequence  as  noted  for  locations  1 through  90. 

91 

Temperature  of  duct 
material,  °F,  loca- 
tions 92  through  110 
contain  duct  material 
data  at  this  temperature 

92 

M 

93 

94 

BC 

95 

EC 

96 

fcy 

97 

Aj 

98 

Bj 

1 99 

et 

100 

fty 

101 

p 

102 

ftu 

103 

fCPL 

104 

Ert 

105 

Grj 

106 

FSU 

107 

FBRU 

108 

kfiu 

109 

kftu 

110 

kftu 

! HI 
• 

Not  used 

• 

• 

120 

Not  used 

121 

Temperature  of  ramp 
material,  °F,  loca- 
tions 122  through  140 
contain  ramp  material 
data  at  this  temperature 
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TABLE  23.  IMS  ARRAY  VARIABLES  (CUNT) 


Loc 

Engrg 

Symbol 

Description 

Subroutine  Reference 

P 

Ac 

124 

EC 

125 

Be 

126 

fcy 

PRECRT 

127 

at 

128 

By 

129 

et 

130 

fty 

131 

p 

PRECRT 

132 

Flu 

133 

Fcpl 

134 

ert 

Grt 

■i 

FSU 

PRECRT 

137 

fbru 

138 

kfrj 

139 

kftu 

140 

kFTU 

141 

• 

Not  used 

• 

• 

150 

Not  used 

151 

Temperature  of  nacelle 

material,  °F,  loca- 

tions  152  through  170 

contain  nacelle  material 

data  at  this  temperature 

p 

Ac 

154 

Be 

Ec 

Frv 

PYLONS 

157 

mm  < 

158 

m 

159 

El 

NACELE 

160 

161 

pH 

NACELE,  PYLONS 

162 

PYLONS 
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FABLE  23.  IMS  ARRAY  VARIABLES  (CONCL) 


Loc 

Engrg 

Symbol 

Description 

g 

Subroutine  Reference 

163 

fCPL 

164 

ert 

165 

% 

166 

FSU 

PYLONS 

167 

fBRU 

PYLONS 

168 

Kftu 

169 

kFTU 

170 

kftu 

171 

• 

Not  used 

• 

• 

180 

Not  used 

NOTE  IMS  array  starts  at  common  location  3691.  This  array  is  calcu- 
lated for  each  speed  profile  altitude  and  stored  in  mass 
storage  file  records  109  through  117. 


aThis  array  is  defined  and  written  by  MCNTL1  and  read  by  PRECRT , 
NACELE,  and  PYLONS.  Using  routines  are  referenced  only  when 
specific  variables  in  this  array  are  used. 
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TABLE  24.  TOT  ARRAY  VARIABLES 


Loc 

Variable 

Name 

Description 

Subroutine 

Reference 

1 

Weight  per  inch  of  duct  length  of 
duct  panels  and  frames  at  duct 
cut  for  initial  frame  spacing, 
lb/ in. 

DUCTS 

2 

Weight  per  inch  of  duct  length  of 
duct  panels  and  frames  at  duct 
cut  for  subsequent  frame  spacing, 
lb/ in. 

DUCTS 

3 

Duct  weight  per  inch  of  duct 
length  at  synthesis  cut,  lb/ in. 

DUCPNL, DUCTS 

4 

5 

10 

Duct  frame  weight  per  inch  of 
duct  length  at  duct  cut,  lb/in. 
Not  used 
To 

Not  used 

DUCFRM,  DUCTS 

11 

Duct  surface  area  per  nacelle, 
in.  2 

DUCTS 

12 

13 

• 

19 

Nacelle  surface  area  per  nacelle, 
in. 2 

Not  used 
To 

Not  used 

NACELEjMISCOM 

20 

TOTAL 

Two-dimensional  variable- 
geometry  ramp  structure  weight 
per  inlet  in  RAMPS,  weight  per 
nacelle  in  AISMN,  lb 

RAMPS, AISMN, 
SUMARY 

21 

Duct  weight  per  nacelle,  lb 

DUCTS, PYLONS 

22 

Weight  longitudinal  members  per 
nacelle,  lb 

NACELE, PYLONS 

23 

WTLP 

Weight  inlet  lip  per  nacelle,  lb 

DUCWET, DUCTS, 
PYLONS 

24 

RILONG 

Weight  ramp  1 panel  per  inlet 
in  RAMPS,  weight  per  nacelle  in 
AISMN,  lb 

RAMPS,  AISMN, 
PYLONS, SUMARY 

25 

RITRAN 

Weight  ramp  1 transverse  beams 
per  inlet  in  RAMPS,  weight  per 
nacelle  in  AISMN,  lb 

RAMPS,  AISMN, 
PYLONS, SUMARY 

26 

R2L0NG 

Weight  ramp  2 panel  per  inlet 
in  RAMPS,  weight  per  nacelle 
in  AISMN,  lb 

RAMPS,  AISMN, 
PYLONS, SUMARY 

TABU:  24.  TOT  ARRAY  VARIABLES  (CONT) 


Loc 

Variable 

Name 

Description 

Subroutine 

Reference 

27 

R2TRAN 

Weight  ramp  2 transverse  beams 
per  inlet  in  RAMPS,  weight  per 
nacelle  in  AISMN,  lb 

RAMPS,  AISMN, 
PYLONS, SUMARY 

28 

R3LONG 

Weight  ramp  3 panel  per  inlet 
in  RAMPS,  weight  per  nacelle 
in  AISMN',  lb 

RAMPS, AISMN, 
PYLONS, SUMARY 

29 

FHINGE 

Weight  forward  ramp  hinge  beam 
per  inlet  in  RAMPS,  weight  per 
nacelle  in  AISMN,  lb 

RAMPS,  AISMN, 
PYLONS , SUMARY 

30 

FACT 

Weight  forward  ramp  actuator 
beam  per  inlet  in  RAMPS,  weight 
per  nacelle  in  AISMN,  lb 

RAMPS, AISMN, 
PYLONS, SUMARY 

31 

AACT, 

Weight  aft  ramp  actuator  beam 

RAMPS,  AISMN, 

ACT 

per  inlet  in  RAMPS,  weight  per 
nacelle  in  AISMN,  lb 

PYLONS, SUMARY 

32 

AHINGE 

Weight  aft  ramp  hinge  beam  per 
inlet  in  RAMPS,  per  nacelle  in 
AISMN,  lb 

RAMPS,  AISMN, 
PYLONS, SUMARY 

33 

R4LONG 

Weight  ramp  4 panel  per  inlet  in 
RAMPS,  per  nacelle  in  AISMN,  lb 

RAMPS, AISMN, 
PYLONS, SUMARY 

34 

R4TRAN 

Weight  ramp  4 transverse  beams 
per  inlet  in  RAMPS,  per  nacelle 
in  AISMN,  lb 

RAMPS,  AISMN, 
PYLONS, SUMARY 

35 

WHFS 

Weight  fixed  spike  per  nacelle, 
lb 

SPIKE, PYLONS 

36 

WFTS 

Weight  translating  spike  per 
nacelle, lb 

SPIKE, PYLONS 

37 

WTES 

Weight  translating  and  expanding 
spike  per  nacelle,  lb 

SPIKE, PYLONS 

38 

Weight  nacelle  covers  per 
nacelle,  lb 

NACELE, PYLONS 

39 

Weight  nacelle  frames  per 
nacelle,  lb 

NACELE, PYLONS 

40 

WTEM 

Weight  engine  mounts  per 
nacelle,  lb 

MI SCOM, PYLONS 

41 

WTAI 

Weight  auxiliary  inlets  per 
nacelle,  lb 

MI SCOM, PYLONS 

42 

WTBP 

Weight  duct  bypass  doors  per 
nacelle,  lb 

MISCOM, PYLONS 
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TABLE  24.  TOT  ARRAY  VARIABLES  (CQNCL) 


Variable 

Subroutine 

Loc 

Name 

Description  ; 

Reference 

43 

WTED 

Weight  engine  removal  doors  per 
nacelle,  lb 

MISCOM, PYLONS 

44 

WIND 

Weight  miscellaneo’is  doors  per 
nacelle,  lb 

MI  SCCM, PYLONS 

45 

WTFW 

Weight  firewall  per  nacelle,  lb 

MISCOM, PYLONS 

46 

WTSD 

Weight  shroud  per  nacelle,  lb 

MISCOM, PYLONS 

47 

WTEF 

Weight  exterior  finish  per 
nacelle,  lb 

MISCOM, PYLONS 

48 

Not  used 

To 

50 

Not  used 

51 

WTPI 

Weight  inboard  pylon  per 
nacelle,  lb 

PYLONS 

52 

WTPO 

Weight  outboard  pylon  per 
nacelle,  lb 

PYLONS 

53 

WFTI 

Weight  inboard  fittings  per 
nacelle,  lb 

PYLONS 

54 

WFTO 

Weight  outboard  fittings  per 
nacelle,  lb 

PYLONS 

55 

Not  used 

• 

To 

100 

Not  used 

NOTE 

TOT  array  starts  at  common  location  2101. 

TABLE  25.  TT  ARRAY  VARIABLES 


Loc 


1 


5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 


Engrg  Symbol 

Description 

Subroutine  Reference 

Material  identification 
number 

MCNTL1,MATLF1 

Material  temperature,  °F 

MCmi.MATLFl 

A 

Constant  for  stress - 
strain  curve  fit  and 
interpolation  factor, 
in. /in. 

MATLF1 

B 

Constant  for  stress - 
strain  curve  fit, 
in. ^/lb 

MATLF1 

E - V 

Modulus  of  elasticity, 
psi 

MATLF1 

'I 

Strain  at  point  1 
(proportional  limit), 
in. /in. 

MATLF1 

*2 

Strain  at  point  2, 
in. /in. 

MATLF1 

*3 

Strain  at  point  3, 
in. /in. 

MATLF1 

*4 

Strain  at  point  4, 
in. /in. 

MATLF1 

« 

5 

Strain  at  point  5 
(yield  stress) , 
in. /in. 

MATLF1 

(T 

1 

Stress  at  point  1 
(proportional  limit), 
psi 

MATLF1 

<r 

2 

Stress  at  point  2, 
psi 

MATLF1 

°3 

Stress  at  point  3, 
psi 

MATLF1 

4 

Stress  at  point  4, 
psi 

MATLF1 

°5 

Stress  at  point  5 
(yield  stress),  psi 

MATLF1 

1/E 

Reciprocal  of  modulus 
of  elasticity,  in. 2/lb 

MATLF1 
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TABLE  25.  TT  ARRAY  VARIABLES  (OQNCL) 


hoc 

Engrg  Symbol 

Description 

Subroutine  Reference 

17 

« - VE 

Strain  increment  at 

MATLF1 

5 o 

yield  stress,  in. /in. 

18 

- vjt, 

Strain  increment  at 

MATLF1 

L L 

other  points,  in. /in. 

•3  • VE- 
«4  • VE 

19 

°5  * V 

Stress  increments, 
psi 

MATLF1 

<T_  - <r  . 

5 3’ 

<r_  - <r 

5 4 

20 

^d°’l/d‘l)  * 

Curve  fit  calculation 
of  modulus  of  elas- 

MATLF1 

1/ (1/E  ♦ 

ticity  at  proportional 

ABeB<ri) 

limit,  psi 

21 

1 - (d  y 

Error  in  calculated 
value  of  modulus  of 

MATLF1 

d«1)/E 

elasticity 

22 

°n/E  ♦ 

Calculated  strain 

MATLF1 

AeB,r"; 

at  points  1 through  5 

n ■ 1,5 

23 

Error  in  calculated 
value  of  strains 

MATLF1 

24 

Simulation  of  errors 
squared  which  pro- 
duce best  curve  fit 

MATLF1 

25 

Material  temperature , °F 

MCNTL1 

NOTE 

TT  array  starts  at  conrion  location  3661.  1 

rhis  array  is  used 

for  tension  and  compression  stress-strain  curve  fit. 
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TABLE  26.  FUAT  ARRAY  VARIABLES  (FUATT  BLOCK) 


Loc 

Description 

Subroutine 

Reference 

1 

Locations  1 through  50  are  used  to 

• 

store  wing,  empennage,  fuselage,  and 

50 

landing  gear  weight  data 

51 

Air  induction  system  structure  weight,  lb 

AISMN 

52 

X-CG  air  induction  system  structure,  in. 

AISMN 

53 

Inboard  nacelle  and  engine  section  weight, 
lb 

AISMN 

54 

Outboard  nacelle  and  engine  section  weight, 
lb 

AISMN 

55 

Engine  section  doors,  panels,  and  miscel- 
laneous structure  weight,  lb 

AISMN 

56 

Total  engine  section  and  nacelles  weight, 
lb 

AISMN 

57 

X-CG  engine  section  and  nacelles,  in. 

AISMN 

58 

Not  used 

59 

Not  used 

60 

Not  used 
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TABLE  27.  IP  ARRAY  VARIABLES  (IPRINT  BLOCK) 


Figure 

Subroutine 

Loc 

Description 

Reference 

Reference 

1 

Locations  1 through  60  are  print 

• 

controls  for  other  program 

60 

modules 

61 

Output  print  control  of  air 
induction  system  input  design 
data 

23 

AISMN 

62 

Output  print  control  of  vehicle 
speed -altitude  profile  data 

24 

SPAL 

I 

63 

Output  print  control  of  duct, 

25,26,27 

Mcmi 

ramp,  and  nacelle  material 
properties  (refer  to  Table  21) 

(MATLP2) 

64 

Output  print  control  of  calcu- 
lated material  properties  data 
(refer  to  Table  23) 

28 

MCNTL1 

65 

Output  print  control  of  inlet 
duct  design  pressure  data 

29 

DSGNP 

66 

Output  print  control  of  ramp 
design  criteria 

30 

PRECRT 

! 

67 

Output  print  control  of  ramp 
design  constants,  reaction 
forces,  and  detail  weights 

31 

RAMPS 

68 

Output  print  control  of  duct 
frame  redundant s and  geometry 
data 

34 

FRMELD 

69 

(Xitput  print  control  of  duct 
frame  sizing  and  unit  internal 
loads  data,  duct  geometry  and 
sizing,  and  sunmary  weight 
data 

32,33 

DUCTS 

i 

1 

70 

Output  print  control  of  nacelle 
geometry,  sizing,  and  weight 
sunvnary  data 

35 

NACELE 

j 

71 

Locations  71  through  80  are 

• 

print  controls  for  the  fuselage 

80 

module 
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TABLE  28.  MASS  STORAGE  FILE  RECORDS 


Record 

No. 

Variables 
8 Length 

Write 

Routine 

Read 

Routine 

Description 

28 

D(2000) 

Input  data 
processing 
module 

AISMN 

Input  air  induction  system, 
nacelle,  and  engine  section 
design  data;  refer  to  first 
2,000  locations  in  Table  9 
(locations  1701-1900  are 
used  for  calculated  vari- 
ables, SUW  array) 

41-60 

BID  (300) 

Input  data 
processing 
module 

MCNTL1 

Permanent  file  material 
properties  library  data; 
refer  to  Table  22  for  dis- 
cussion of  variables 

109-117 

BIS  (180) 

MCNTL1 

PRECRT 

NACELE 

PYLONS 

Duct,  ramp,  and  nacelle 
material  property  data 
at  each  of  9 flight  pro- 
file points;  refer  to 
Table  23  for  discussion 
of  variables 
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SUB1WIM  DLSCUl  H . 0>£ 


PROGRAM  AIDIN' 


General  Description 


Deck  name: 

Entry  name: 

Called  by: 
Subroutines  called: 


AISNN 

OVERLAY  (5HALPHA,  7,0) 

OLAYOO 

SPAL,  mi,  DSGNP,  PRECRT,  RAMPS,  SPIKE,  DUCTS, 
NACELE,  MISCOM,  PYLONS,  SUMARY 


This  is  the  control  routine  for  the  air  induction  system  weight  estima- 
tion module.  This  routine  initializes  the  blank  common  region  and  reads  the 
input  data  from  mass  storage  file  record  28.  Certain  design  variables  from 
the  input  data  set  are  printed  by  this  routine  (Figure  23). 

Appropriate  analysis  routines  are  called,  and  the  resultant  weight  and 
balance  summaries  are  stored  in  the  labeled  common  array,  FDAT.  This  routine 
is  designed  to  control  the  evaluation  of  air  induction  system,  nacelle,  and 
engine  section  structure  or  only  two-dimensional  variable -geometry  ranps. 


Arrays  and  Variables  Used 

DATK  Weight  correlation  factors  (refer  to  EQU  array,  Table  17) 

DATR  Ramp  geometry  and  design  data  (refer  to  Table  15) 

DATS  Air  induction  system,  nacelle,  and  engine  section  data  (refer  to 
Table  16) 

IP  Print  control  (refer  to  "Labeled  Cannon  Arrays") 

SUM  Weight  summary  data  (refer  to  Table  20) 

TOT  Weight  summary  data  (refer  to  Table  24) 

XMISC  Refer  to  "Labeled  Coninon  Arrays" 


Arrays  and  Variables  Calculated 

FDAT  Weight  summary  data  (refer  to  "Labeled  Common  Arrays") 
ITP  Number  of  nacelles 

IVG  Inlet  type  inductor 

1 ■ fixed  duct 

2 ■ fixed  spike 

3 ■ horizontal  ramp 

4 - vertical  ranp 

5 ■ translating  spike 

6 ■ translating  and  expanding  spike 
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Figure  23.  Sample  output  from  AISNN  of  air  induction  system  design  data 

(IP(61)). 


NMATL  Nuiber  of  arrays  of  material  properties  in  mass  storage  file, 
records  41  through  60 
T(l)  Number  of  inlets  per  nacelle 
TOT  Weight  summary  data  (refer  to  Table  24) 


Labeled  Conrnon  Arrays 


FDAT  Weight  summitry  data  (refer  to  Table  26) 

IP (61)  Print/no  print  indicator 


0 - print  input  design  data  (Figure  23) 

1 ■ do  not  print 

XM1SC(1)  Number  of  arrays  of  material  properties  in  mass 
storage  file,  records  41  through  60 
XMlSO(85)  Alphanumeric  case  title 
XMISC(IOO) 


Mass  Storage  File  Records 
Read  by  routine: 
Record  28 

Written  by  routine: 
None 

Error  Messages 
None 


SUBROUTINE  SPAL 


General  Description 

Deck  name: 

SPAL 

Entry  name: 

SPAL 

Called  by: 

AISMN 

Subroutines  called: 

TEMPR 

This  subroutine  expands  the  input  speed- altitude  profile  data  by  inter- 
polating between  the  input  points.  Profiles  examined  are  level-flight  maxi- 
mum speed,  and  limit  speed,  Ml,  envelopes  with  the  wing  fixed  or  in  the 
aft  position. 
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Limit  speed  at  the  input  points  is  dete  mined  from  the  input  points 
and  NVi'Ml  relationship.  This  relationship  is  either  given  for  each  of  the 
input  points  or  specified  as  a general  relationship,  as  shown  in  the  following: 


Input  %-Ml 

Relationship  Description 


0.0 

>0.0;  <1.0 
>1.0 
<0.0 


equal  to 

Decimal  to  be  added  to 
Multiplier  of 

Fraction  of  1%  to  be  added  to 


tyj  and  Ml  data  are  input  of  five  altitudes.  Intermediate  altitudes  are 
obtained  by  taking  points  midway  between  the  input  altitudes,  thus  defining 
nine  altitudes.  Subroutine  TEMPR  is  called  to  calculate  atmospheric  prop- 
erties at  each  of  these  altitudes.  Dynamic  pressure  is  then  calculated  for 
the  input  points.  Dynamic  pressure  at  the  interpolated  altitudes  is  obtained 
by  interpolating  between  dynamic  pressure  at  the  input  points,  and  speed  is 
determined  for  the  dynamic  pressure  and  altitude. 


Pressure  recovery  ratio  and  airflow  at  the  engine  is  either  input  or 
calculated  for  the  initial  five  points.  Values  at  the  four  additional  points 
are  obtained  by  interpolation. 


Having  determined  mach  number,  pressure  recovery  ratio,  and  airflow  at 
the  engine  for  the  nine  profile  points,  total  temperature,  total  pressure, 
and  static  pressure  are  then  calculated. 


Arrays  and  Variables  Used 


D Constants  (refer  to  Table  11) 

DATM  Speed-altitude  profile  data  (refer  to  Table  13) 

DVLG  General  relationship  between  limit  speed  and  level  flight  maxi- 
mum speed  (EATM) 

EQU  Equation  and  physical  constants  (refer  to  Table  17) 

IP  Print  control  (refer  to  "Labeled  Common  Arrays") 

PRESH  S(2),  ambient  pressure  at  altitude,  psf 
RATC  General  pressure  recovery  ratio  (DATM) 

TIMALT  S(l),  ambient  temperature  at  altitude,  #R 
XMISC  Refer  to  "Labeled  Common  Arrays" 


Arrays  and  Variables  Calculated 

ALT  Nine  altitudes  on  speed  profile,  ft 

CS  Speed  of  sound  at  nine  speed  profile  altitudes,  ft/sec 
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Bfri  Airflow  at  engine  on  diagram,  M 

EML  Airflow  at  engine  on  Ml  diagram,  M 

G Acceleration  of  gravity  at  nine  speed  profile  altitudes,  ft/ sec2 

PO  Ambient  pressure  at  nine  speed  profile  altitudes,  psf 

PSH  Static  absolute  pressure  at  engine  on  % diagram,  psia 

PSL  Static  absolute  pressure  at  engine  on  Ml  diagram,  psia 

PTH  Total  pressure  at  engine  on  diagram,  psia 

PTL  Total  pressure  at  engine  on  Ml  diagram,  psia 

QH  Dynamic  pressure  on  Hi  diagram,  psf 

QL  Dynamic  pressure  on  Ml  diagram,  psf 

RATH  Inlet  pressure  recovery  ratio  on  M^  diagram 

RATL  Inlet  pressure  recovery  ratio  on  diagram 

RHO  Density  of  air  at  nine  speed  profile  altitudes,  lb/ft3 

TEM  Ambient  temperature  at  nine  speed  profile  altitudes,  *R 

TENti  Total  tenperature  on  Hi  diagram,  *R 

TB1L  Total  temperature  on  Ml  diagram,  *R 

VH  Level-flight  maximum  speed,  Hi>  at  nine  speed  profile  altitudes,  M 
VL  Limit  speed,  Ml  at  nine  speed  profile  altitudes,  M 


Labeled  Common  Arrays 

IP(62)  Print/no  print  indicator 

0 ■ print  speed- altitude  profile  data  (see  Figure  24) 

1 - do  not  print 

XMISC(85)  Case  title 
to 

XMISC(IOO) 


Mass  Storage  File  Records 
None 


Error  Messages 


None 
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Figure  24.  Sample  output  from  SPAL  of  speed-altitude  profile  data  (IP(62)). 


SUBROUTINE  TEMPR 


General  Description 

Deck  name:  TB4PR 

Entry  name:  TBiPR 

Called  by:  SPAL 

Subroutines  called:  None 

This  subroutine  calculates  standard  atmosphere  temperature  and  pressure 
by  using  equation  representations  which  are  functions  of  geopotential  alti- 
tude. Altitude  at  which  pressure  and  tenperature  are  to  be  calculated  is 
determined  by  the  counter,  I,  which  is  defined  by  the  calling  routine. 


Arrays  and  Variables  Used 

ALT  Nine  altitudes  on  speed  profile,  ft 
D Constants  (refer  to  Table  11) 

EQU  Equation  and  physical  constants  (refer  to  Table  17) 
I Index  for  speed  profile  altitude  point 


Arrays  and  Variables  Calculated 

ALOFT  S(3) , altitude  divided  by  1,000,  ft/1,000 
PRESH  S(2) , ambient  pressure  at  ALT  (I),  °R 
TBiALT  S(l) , ambient  tenperature  at  ALT  (I),  °R 


Labeled  Comnon  Arrays 


None 


Mass  Storage  File  Records 
None 


Error  Messages 

• ***  WARNING  MESSAGE  *** 

ALTITUDE  IS  BEYOND  VALID  RANGE  OF  PRESSURE 


• ***  WARNING  MESSAGE  *** 

ALTITUDE  IS  BEYOND  VALID  RANGE  OF  TEMPERATURE 

These  messages  are  printed  for  altitude  greater  than  154,199.48  feet. 
The  pressure  and  temperature  are  calculated  by  the  equation  for  the  highest 
altitude  range. 


SUBROUTINE  MCNTL1 

General  Description 

Deck  name:  MCNTL1 

Entry  name : MCNTL1 

Called  by:  AISMN 

Subroutines  called:  MATLF1 , MATLP2 

This  subroutine  controls  development  of  material  property  data  for  the 
duct,  two-dimensional  variable-geometry  ranps,  and  nacelles.  Material  prop- 
erties for  these  components  are  calculated  at  each  of  the  nine  speed  profile 
altitudes  for  temperatures  associated  with  level- flight  maximum  speed  and 
limit  speed.  This  routine  reads  the  material  properties  library  data  from 
mass  storage  file  records  41  through  60,  calls  subroutine  MATLF1  to  calcu- 
late the  material  properties  at  the  temperature,  and  stores  this  data  on 
mass  storage  file  records  109  through  117.  Records  109  through  117  cor- 
respond to  the  nine  speed  profile  altitudes.  Certain  duct  structure  mate- 
rial properties  are  also  stored  in  blank  common. 

Ducts  are  assumed  to  exist  on  all  flight  vehicles.  Material  properties 
for  ranp  and  nacelle  structures  are  only  calculated  when  they  exist. 


Arrays  and  Variables  Used 


DATS(l)  Number  of  nacelles 

DATS (31)  Duct  structural  material  identification  number 
DATS  (32)  Variable -geometry  ramps  structural  material  identification 
number 

DATS (33)  Nacelle  structural  material  identification  number 

EQU(28)  Conversion  0 R to  0 F,  460°  R 

IP  Print  control  (refer  to  "Labeled  Common  Arrays") 

IVG  Inlet  type  indicator 

1 ■ fixed  duct 

2 ■ fixed  spike 

3 B horizontal  ranp 
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4 ■ vertical  ramp 

5 ■ translating  spike 

6 ■ translating  and  expanding  spike 

hWATL  Number  of  arrays  of  material  properties  in  mass  storage  file 
records  41  through  60 

TEMi  Total  temperature  on  diagram,  *R 

TIML  Total  tenpe rat ure  on  Ml  diagram,  *R 

TM  Calculated  material  data  (refer  to  Table  21) 

TMD  Material  properties  file  record  data  (refer  to  Table  22) 


Arrays  and  Variables  Calculated 


EH  Duct  material  modulus  of  elasticity  on  ^ diagram,  psi 

EL  Duct  material  modulus  of  elasticity  on  Ml  diagram,  psi 

FCYH  Duct  material  compression  yield  stress  on  diagram,  psi 

FCYL  Duct  material  compression  yield  stress  on  diagram,  psi 

FKTH  Duct  material  tensile  strength  uider  cyclic  loading  on 
diagram,  fraction  of  ultimate  tensile  strength 
FKTL  Duct  material  tensile  strength  under  cyclic  loading  on 
diagram,  fraction  of  ultimate  tensile  strength 
FMJH  Duct  material  Poisson's  ratio  on  diagram 

FMUL  Duct  material  Poisson's  ratio  on  diagram 

FSUH  Duct  material  ultimate  shear  strength  on  diagram,  psi 

FSUL  Duct  material  ultimate  shear  strength  on  diagram,  psi 

FTUH  Duct  material  ultimate  tensile  strength  on  diagram,  psi 

FTUL  Duct  material  ultimate  tensile  strength  on  Ml  diagram,  psi 

IF3  Material  properties  library  file  record  number 
IF4  Calculated  material  properties  file  record  number 
II  Counter  through  nine  speed  profile  points 

JJ  Counter  for  and  Ml  at  each  speed  profile  altitude 
KK  Structural  component  coulter 

1 ■ duct 

2 ■ ramps 

3 ■ nacelles 

MATLI  Material  identification  number 

RHOD  Duct  material  density,  lb/ in. 3 

IMS  Calculated  material  properties  (refer  to  Table  23) 

TT(1)  Material  identification  number 

TT(2)  Material  temperature,  *F 

TT(25)  Material  temperature,  *F 


Labeled  Common  Arrays 

IP (63)  Print/no  print  indicator 

0 * print  material  properties  of  structural  components  for 

first  profile  point  by  calling  MATLP2  (see  Figures  25, 
26,  and  27) 

1 ■ do  not  print 

IP(64)  Print/no  print  indicator 

0 ■ print  material  properties  in  IMS  array  (see  Figure  28) 

1 ■ do  not  print 

Mass  Storage  File  Records 
Read  by  routine: 

Records  41  through  60 
Written  by  routine: 

Records  109  through  117 


Error  Messages 


• MATL  INPUT  ERROR.  ASSUMED  MATL  NO.  1 III  XXX  YYY 

The  foregoing  message  appears  when  the  input  material  number  is  not 
within  the  limits  of  the  material  library.  The  total  number  of  materials 
on  file  (III),  the  material  number  requested  (XXX),  and  the  design  tenpera- 
ture  (YYY)  appear  below  the  printed  message.  If  the  program  assumption  is 
unacceptable,  the  input  data  should  be  corrected. 

• MATL  TBIPERATURL  ERROR  MATL  NO.  XXX. X REQD  YYY.Y  DEG.  ASSUMED 
TEMP  • Z2Z.Z  DEG 

The  foregoing  message  appears  when  the  design  tenpeature  (YYY.Y)  is  less 
than  or  equal  to  zero.  The  program  assumes  the  lowest  temperature  on  file 
(ZZZ.Z)  and  proceeds.  If  the  design  temperature  is  as  indicated,  and  the 
material  properties  at  that  temperature  are  required,  the  material  library 
data  should  be  changed  to  include  properties  at  the  design  temperature. 
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Figure  25.  San^le  output  from  MMLP2  of  duct  material  properties  data  (IP(63)). 
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Figure  26.  Sanple  output  from  MATLP2  of 
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120  HRS  AT  290  PEG.  MIL-HDSK-S  B DATA 
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Figure  27.  Sample  output  from  MATLP2  of  nacelle  material  properties  data 

(IP(63)). 
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Figtire  28.  Sample  output  from  MCNTL1  of  component  material  properties  data 

(IP (64) ) . 


SUBROUTINE  MATLF1 


General  Description 


Deck  name : MATLF1 

Entry  name:  MATLF1 

Called  by:  MCNTL1 

Subroutines  called:  None 

This  subroutine  interpolates  the  material  file  data  for  properties  at 
the  design  temperature , and  converts  the  tabulated  stress-strain  data  into 
an  approximation  equation  based  on  least  squares  fit.  The  curves  through 
points  1,  2,  5 or  1,  3,  5 or  1,  4,  5 of  the  tabulated  data  are  examined  for 
the  best  fit. 


Arrays  and  Variables  Used 

D Constants  (refer  to  Table  11) 

TMD  Material  properties  file  record  date  (refer  to  Table  22) 
TT(1)  Material  identification  number 
IT (2)  Material  temperature,  *F 


Arrays  and  Variables  Calculated 

TM  Calculated  material  data  (refer  to  Table  21) 
TT  Intermediate  calculations  (refer  to  Table  25) 


Labeled  Comnon  Arrays 


None 


Mass  Storage  File  Records 


None 


Error  Messages 


• ***  MATL  TEMPERATURE  ERROR  ***  MATL  NO.  XXX.X  THERE  IS  ONE  TEMPERA- 
TURE ON  FILE  REQD  TEMP  ■ YYY.Y  ASSUMED  TEMP  - ZZZ.Z 

The  foregoing  message  is  printed  when  the  file  consists  of  material 
properties  at  only  one  temperature  which  does  not  agree  with  the  design 


temperature . The  routines  use  the  properties  in  the  file.  If  this  assumption 
is  not  acceptable,  the  file  data  should  be  corrected. 

• ***  MATL  TEMPERATURE  ERROR  ***  MATE  NO.  XXX. X TEMPERATURE  IS  BEYOND 
RANGE  OF  TABLE  REQD  TEMP  - YYY.Y  LAST  TEMP  - 111.1 

The  foregoing  message  is  printed  when  the  program  extrapolates  the 
material  file  data.  This  message  may  be  followed  by  a catastrophic  failure. 

In  most  cases,  the  extrapolation  should  provide  acceptable  results  and  no 
correction  would  be  required.  If  the  extrapolation  results  in  failure  or  if 
the  results  are  not  satisfactory,  the  library  data  should  be  extended  to 
include  the  design  temperature. 


SUBROUTINE  MATLP2 

General  Description 

Deck  name:  MATLP2 

Bttry  name:  MATLP2 

Called  by:  MCNTL1 

Subroutines  called:  None 

This  subroutine  is  called  to  print  the  material  properties  of  the  nacelle 
and  air  induction  system  components  for  the  first  speed  profile  point  if 
IP (63)  - 0.  The  curve  fit  constants  and  tabulated  stress-strain  data  are 
presented  in  the  output.  (See  Figures  25  through  27.) 


Arrays  and  Variables  Used 

II  Counter  through  nine  speed  profile  points 

KK  Structural  component  counter 

1 ■ duct 

2 * ramps 

3 * nacelles 

MATLI  Material  identification  numiber 

RM  Material  descriptive  title 

Calculated  material  data  (refer  to  Table  21) 

TMD  Material  properties  file  record  data  (refer  to  Table  22) 


Arrays  and  Variables  Calculated 


None 
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Labeled  Coninon  Arrays 


None 


Mass  Storage  File  Records 
None 


Error  Messages 
None 


SUBROUTINE  DSGNP 

General  Description 

Deck  name : DSGNP 

Entry  name:  DSGNP 

Called  by:  AISW 

Subroutines  called:  None 

This  subroutine  calculates  static  pressure  at  the  inlet  throat  and 
hamnershock  pressures  at  both  the  engine  face  and  the  throat  for  points  on 
the  level-flight  maximum  speed  and  limit  speed  envelopes. 


Arrays  and  Variables  Used 


ALT  Nine  altitudes  on  speed  profile,  ft 
D Constants  (refer  to  Table  11) 

EGTP  Engine  type  (DATS(l)) 

0.0  ■ turbojet 

+X.X  - fanjet  by  pass  ratio 

EQU  Equation  and  physical  constants  (refer  to  Table  17) 
IP  Print  control  (refer  to  "Labeled  Comron  Arrays") 

IVG  Inlet  type  indicator 

1 ■ fixed  duct 

2 ■ fixed  spike 

3 ■ horizontal  ranp 
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4 ■ vertical  ramp 

5 - translating  spike 

6 - translating  and  expanding  spike 

PTH  Total  pressure  at  engine  on  diagram,  psia 

PTL  Total  pressure  at  engine  on  ML  diagram,  psia 

TEMH  Total  temperature  on  diagram,  °R 

TBH  Total  temperature  on  diagram,  °R 

VH  Level  flight  maximum  speed,  tyj,  at  the  nine  speed  profile 
altitudes , M 

VL  Limit  speed,  Ml,  at  the  nine  speed  profile  altitudes,  M 
XMISC  Refer  to  ’’Labeled  Conmon  Arrays" 


Arrays  and  Variables  Calculated 


PHEH  Hairmershock  pressure  at  engine  on  diagram,  psia 

PHEL  Hanmershock  pressure  at  engine  on  Ml  diagram,  psia 

PHTH  Hanmershock  pressure  at  throat  on  diagram,  psia 

PHTL  Hammershock  pressure  at  throat  on  Ml  diagram,  psia 

PST  Static  absolute  pressure  at  throat  on  Ml  diagram,  psia 

R1H  Ratio  of  static  pressure  at  throat  to  free- stream  total  pressure 

on  Mh  diagram 

R1L  Ratio  of  static  pressure  at  throat  to  free- stream  total  pressure 
on  Ml  diagram 

R2H  Ratio  of  hammershock  pressure  at  engine  face  to  total  pressure  on 
% diagram 

R2L  Ratio  of  hammershock  pressure  at  engine  face  to  total  pressure  on 
Ml  diagram 

R3H  Ratio  of  hammershock  pressure  at  inlet  throat  to  total  pressure  on 
diagram 

R3L  Ratio  of  hammershock  pressure  at  inlet  throat  to  total  pressure  on 
Ml  diagram 

S Intermediate  calculations 


Labeled  Conmon  Arrays 

IP (65)  Print/no  print  indicator 

0 * print  inlet  pressure  data  (see  Figure  29) 

1 ■ no  print 

XMISC (85)  Alphanumeric  case  title 
to 

XMISC(IQQ) 
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SPEED  PROFILE  DESIGN  CONSTANTS 


«•*  *!w  jwv.*  mrm 


IT 

>o 


A 

Z 

o 

%A 

C 

* 


K *-«  f p*  fr.  1*1  * 

<r-ircfs;f“i-»oarfc 
c «Dh  oai^fvj^  k k 
— a it*  tr  W*  n#  ir  fsj  o O O 
XI  ••••••••• 


k f ca®c^ir^  a 

4in«0F«|fir9CN 

cirirM^^ef^c 

«air^(r4N^9ao 

j I ••••••••  • 


K 

0 

c 

X 

«✓* 

a 

lii 

1 
X 

< HHCMao^tro 

J IT 

u ^ c*  k a era 


¥ 

O 


U) 

a 


< 

c 

WO.*?*'*-** 

k*  © 

k-  k + 

< ••••••••• 

f*  <0  •<  « O 
«4  eg 


X u>  m © ir-#f«o^  *m  r* 
u © •■*  rv  c a ^ rsi  ro  it 

u.  •»••*•••  • 


* k ® 

Jft.  * o k-  «o  *c  ^ «*  f*  k 
**  I 

\A  ii  ••••••••• 

A M(«\Np4Nfn(t^  > N 


k 

<7 


O 

> 


X K 

»4|/>HIT  a irOQOC 
^a^irrgOf^iriTirir 

k •kkkkk’Oi'C^C 

kUjOOCOOOOOC 
^ a 
A 


^gfsjp-or  Ok  ® *««  rg 

*-  4)  ITS  «#  m ® « * 4 IT 

K 

4 ^ •»••••••  • 

KUJOOOOCOOOO 
v>  a 
a 


wakNO^a^cc N 
^k  ••••••#•• 

at  C rsi  fN<  k;  ku  i*  IV  «m 

a? 


o 

o 


•»«»»r*k«r®©‘uitri/kiA 

zvo«o<9«o»<r  <r  ^ 

t « 

rtrMV0«e<Cir« 
uj  ^HRmenriT'O 


«»i»KinMMeo 

JKNX(»«4H 

.*  x -ow*  o-«  <»  * 
&<!•■••■  • 
X KOMinnRNx 
u.  «nNrM«« 
k-oirirtrirp-o-p* 
tu  —■ 

e 


ss 

o <0 
• • 

a a 

im  <r 

p-O 


ho  a c 

HH  Z 


Z&4HH4IAI44IM4 
•h  I « .4*0*1*  <0*« 
M|b  ••••••••• 

UJ  ZCffTMT  0("«IMf- 
hmhhhMNMNH 


T 

O 

►* 

k- 

* 

& 

w 

o 


< 

A 

V 

k^ 

a 

► 

a 


ncirtrujooo 

I it  r 0 fH  c <V  r»  K f- 
OOOhhMMNN 


♦ ♦*»4IMI*k©*fM 
j4I,h4IM4h09 
> i • • i i • • i • 
OOHHNNneiN 


<—  k/>kT*P'*«N*J**iO 
ie.««CHincN44 
«*  i 

I/I  k ••••••••  • 

VONhhhhhnhh 


O 

u 


c 


X 

l/> 

I 

H* 

a 

< 

> 


ooccooooo 

kooooooooo 

* S8?§§888 

«4N4n040 


oooooooco 

• •••••••• 

ooooooooo 

1 *88'  8 S 

4»N4«omo 

-*  n f*  * kr  « * p- 


ooocooooe 

°mm 

4PN4nomp 

-fcn**kf\**F 


243 


Figure  29.  Sample  output  from  DSGJP  of  inlet  pressure  data  (IP (65)) 


Mass  Storage  File  Records 


None 


Error  Messages 


• ***  WARNING  MESSAGE  *** 

RAM  TEMPERATURE  EXCEEDED  FOR  FANJET  BPR  - XXX.X 
RAM  TEMP  - YYY.Y  IIMIT  - ZZZ.Z 


• ***  WARNING  MESSAGE  *** 

SPEED  EXCEEDED  FOR  ENGINE  INLET  COMBINATION 

BPR  - XXX.X  INLET  TYPE  - I SPEED  - YYY.Y  LIMIT  - ZZZ.Z 

These  messages  are  printed  when  the  condition  from  which  the  pressure 
calculation  curves  were  formulated  are  exceeded.  YYY.Y  designates  the  actual 
value,  and  ZZZ.Z  designates  the  applicable  range  of  the  data  base. 


SUBROUTINE  PRECRT 
General  Description 

Deck  name:  PRECRT 

Entry  name:  PRECRT 

Called  by:  AISMN 

Subroutines  called:  None 

This  routine  determines  the  critical  design  pressure  for  two-dimensional 
variable-geometry  ranps.  Ramp  structural  material  properties  are  also  deter- 
mined at  the  design  pressure.  Critical  design  pressure  is  defined  by  the 
condition  which  produces  the  maximum  ratio  of  design  pressure  to  material 
conpression  yield  stress.  Design  pressure  is  defined  as: 

1.  1.5  times  the  hammershock  pressure  for  points  on  the  level  flight 
maximum  speed,  diagram 

2.  1.2  times  the  hammershock  pressure  for  points  on  the  limit  speed, 
Ml,  diagram. 
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Arrays  and  Variables  Used 


ALT  Nine  altitudes  on  speed  profile,  ft 
D Constants  (refer  to  Table  11) 

EQU(28)  Conversion  °R  to  °F,  460  °R 
IP  Print  control,  see  "Labeled  Conran  Arrays" 

PHTH  Haimvershock  pressure  at  throat  on  diagram,  psia 

PHTL  Hanmershock  pressure  at  throat  on  diagram,  psia 

TENW  Total  teirperature  on  diagram,  °R 

TEML  Total  tenperature  on  Ml  diagram,  °R 

IMS  Material  properties  (refer  to  Table  23) 

VH  Level  flight  maximum  speed,  fy,  at  the  nine  speed  profile 

altitudes,  M 

VL  Limit  speed,  at  the  nine  speed  profile  altitudes,  M 


Arrays  and  Variables  Calculated 


DENS  DATR(14),  ramp  material  density,  lb/in. 

FACT  EATR(16),  limit  to  ultimate  design  factor 
FCY  DATR(12) , ramp  material  compression  yield  stress  at  design 
pressure,  psi 

FSU  DATR(13) , ramp  material  ultimate  shear  strength  at  design 
pressure,  psi 

ICRT  Critical  design  point  on  speed  profile 
IF4  Material  properties  file  record  nunber 
PHS  DATR(3),  critical  ranp  design  pressure,  psia 
S Intermediate  calculations 
XMAT  DATR(15) , material  type  identification 

1.0  ■ aluminum 

2.0  ■ titanium 

3.0  « steel 


Labeled  Conmon  Arrays 

IP  (66)  Print/no  print  indicator 

0 ■ print  ranp  design  point  data  (see  Figure  30) 

1 ■ do  not  print 
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Figure  30.  Sanple  output  from  PRKRT  of  ramp  design  criteria  data  (IP(66)). 


Mass  Storage  File  Records 


Read  by  routine: 

Records  109  through  117 
Written  by  routine: 

None 

Error  Messages 
None 


SUBROUTINE  RAMPS 

General  Description 

Deck  name : RAMPS 

Entry  name : RAMPS 

Called  by:  AISNN 

Subroutines  called:  None 

This  subroutine  calculates  two-dimensional  variable-geometry  ramp  struc- 
ture weights  for  either  two-,  three-,  or  four- ramp  systems.  Methods  des- 
cribed in  Section  II  of  this  volume  are  used  to  calculate  component  weights 
for  either  stiffened  sheet  construction  or  honeycomb  panel  structure. 


Arrays  and  Variables  Used 


ALPHA2 

Refer 

to 

Table 

10 

ALPHA3 

Refer 

to 

Table 

10 

CONST 

Refer 

to 

Table 

10 

DADH 

Refer 

to 

Table 

10 

DATR 

Refer 

to 

Table 

15 

DCORE 

Refer 

to 

Table 

10 

DENS 

Refer 

to 

Table 

10 

DR 

Refer 

to 

Table 

15 

F 

Refer 

to 

Table 

18 

FCT 

Refer 

to 

Table 

10 

FCY 

Refer 

to 

Table 

10 

FSU 

Refer 

to 

Table 

10 

GAMA 

Refer 

to 

Table 

10 

IP  Printed  control  (refer  to  "Labeled  Common  Arrays") 


PUS 

Refer 

to 

I able 

10 

SIGMAR 

Refer 

to 

Table 

10 

TRA1U-'A 

Refer 

to 

Table 

10 

TBARFS 

Refer 

to 

Table 

10 

IBARRA 

Refer 

to 

'iable 

10 

I'BARRS 

Re  fe  r 

to 

1 ab  1 e 

10 

TBARRT 

Refer 

to 

Table 

10 

TCA 

Refer 

to 

i able 

10 

res 

Refer 

to 

fable 

10 

tct 

Refer 

to 

Table 

10 

ISA 

Refer 

to 

Table 

10 

TSS 

Refer 

to 

Table 

10 

1ST 

Refer 

to 

Table 

10 

TWA 

Refer 

to 

Table 

10 

TWS 

Refer 

to 

Tab!  e 

10 

wr 

Refer 

to 

Table 

10 

Wl 

Refer 

to 

Table 

10 

W2 

Refer 

to 

table 

10 

W3 

Refer 

to 

laDle 

10 

W4 

Refer 

to 

Table 

10 

XCL 

Refer 

to 

Tab  le 

10 

XCT 

Refer 

to 

! ab : • 

10 

XFCY 

Refer 

to 

fable 

10 

XFSU 

Refer 

to 

Table 

10 

XHTA2 

Refer 

to 

fable 

10 

XH1A3 

Refer 

to 

Table 

10 

XHTA4 

Refer 

to 

fable 

10 

XHT2 

Refer 

to 

Iable 

10 

xiri  3 

Refer 

to 

i alt  le 

10 

xm-i 

Re  for 

to 

fable 

10 

mi:  i 

Re  iej 

u> 

Iable 

10 

Ml'  • 

Refoi 

to 

! able 

10 

/H3i 

Rc  l e r 

to 

Iable 

10 

:<ii32 

Refer 

to 

Tab  1 e 

10 

XH33 

Refer 

tc 

! able 

10 

XH41 

Refer 

to 

Iable 

10 

xi  i-.: 

liefer 

to 

fable 

10 

XI 14  3 

Rejei 

to 

fable 

iO 

XH44 

Refer 

to 

1 ibie 

10 

XIL41 

Refer 

to 

Table 

10 

XIL42 

Refer 

to 

1 able 

10 

XIL43 

Refer 

to 

Table 

10 

XIL44 

Refer 

to 

Table 

10 

XIM21 

XIM22 

XIM31 

XIM32 

XIM33 

XIM41 

XIM42 

XIM43 

XIM44 

XITM4 

XITAH4 

XITA2 

XITA3 

XITFA4 

XITFH2 

XITFH3 

XITFH4 

XIT21 

XIT31 

XIT32 

XIT41 

XIT42 

XIT43 

XK21 

XK22 

XK31 

XK33 

XK41 

XK42 

XK43 

XK44 

XL1 

XL2 

XL3 

XL4 

XMAT 

XNUM 

XP21 

XP22 

XP31 

XP32 

XP33 

XP41 

XP42 

XP43 

XP44 

XW 


Refer 

Refer 

Refer 

Refer 

Refer 

Refer 

Refer 

Refer 

Refer 

Refer 

Refer 

Refer 

Refer 

Refer 

Refer 

Refer 

Refer 

Refer 

Refer 

Refer 

Refer 

Refer 

Refer 

Refer 

Refer 

Refer 

Refer 

Refer 

Refer 

Refer 

Refer 

Refer 

Refer 

Refer 

Refer 

Refer 

Refer 

Refer 

Refer 

Refer 

Refer 

Refer 

Refer 

Refer 

Refer 

Refer 

Refer 


to  Table  10 
to  Table  10 
to  Table  10 
to  Table  10 
to  Table  10 
to  Table  10 
to  Table  10 
to  Table  10 
to  Table  10 
to  Table  10 
to  Table  10 
to  Table  10 
to  Table  10 
to  Table  10 
to  Table  10 
to  Table  10 
to  Table  10 
to  Table  10 
to  Table  10 
to  Table  10 
to  Table  10 
to  Table  10 
to  Table  10 
to  Table  10 
to  Table  10 
to  Table  10 
to  Table  10 
to  Table  10 
to  Table  10 
to  Table  10 
to  Table  10 
to  Table  10 
to  Table  10 
to  Table  10 
to  Table  10 
to  Table  10 
to  Table  10 
to  Table  10 
to  Table  10 
to  Table  10 
to  Table  10 
to  Table  10 
to  Table  10 
to  Table  10 
to  Table  10 
to  Table  10 
to  Table  10 
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Arravs  and  Variables  Calculated 

AACT  Refer  to  Table  10 

ACr  Refer  to  Table  10 

AHINGE  liefer  to  Table  10 

bNTJM  Number  of  transverse  members 

Cli  Cosine  of  angle  between  projected  face  of  ranp  2 and 
ranp  3 of  four- ramp  system 

CS  Cosine  of  angle  between  projected  face  of  ranp  3 and 
ranp  4 of  four- raup  system 
FACT  Refer  to  Table  10 

FHIN'GL  Refer  to  Table  10 

GANMAR  Angle  between  projected  face  of  ranp  2 and  ranp  3 of 
four- ramp  system,  radians 
ilL  Panel  depth,  in 

Iff  Panel  depth,  in. 

Ifl A Actuator  beam  depth,  in. 

1 Scratch  counter 

1ND  Minimum  weight  calculation  coulter 

INONL  Predefined  data  usage  indicator 

0 = predefined  data  used 

a - certain  predefined  variables  changed  by  user  input, 
print  revised  data  information 

MAT  Material  type  indicator 

1 = aluminum 

2 = titanium 

3 = steel 

N Scratch  counter 

PI  Differential  pressure  on  rxnp  1,  psig 

P2  Differential  pressure  c.i  ramp  2,  psig 

P5  Differential  pressure  on  ramp  3,  psio 

P4  Differential  pressure  on  raup  4,  psig 

R Actuator  reaction  for  two -ramp  system,  lb 

i<A  Aft  hinge  reaction  on  ranp  2 of  two -raup  system,  lb 

RA3  Aft  hinge  reaction  on  ranp  3,  lb 

RF  Forward  hinge  reaction  on  ramp  2 of  two- ranp  system,  lb 

RF3  Forward  hinge  reaction  on  ramp  3,  lb 

R1  Actuator  reaction  on  ranp  1 of  three-  or  four-ranp  system,  lb 
R1LONG  Refer  to  fable  10 
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R1TRAN  Refer  to  Table  10 

R2  Forward  actuator  reaction  on  ranp  3,  lb 

R2L0NG  Refer  to  Table  10 

R2TRAN  Refer  to  Table  10 

R3  Aft  actuator  reaction  on  ranp  3,  lb 

R3L0NG  Refer  to  Table  10 

R4L0NG  Refer  to  Table  10 

R4TRAN  Refer  to  Table  10 

SG  Sine  of  angle  between  projected  face  of  ranp  2 and  3 of 
four* ranp  system 

SI  (MAR  Angle  between  projected  face  of  ranp  3 and  ranp  4 of  four- 
rairp  system,  radians 

SS  Sine  of  angle  between  projected  face  of  ranp  3 and  ranp  4 
of  four- ramp  system 

TBARF  Minimum  front  sheet  thickness,  in. 

THARR  Minimum  rear  sheet  thickness,  in. 

TC  Minimum  cap  thickness,  in. 

TG  Tangent  of  angle  between  projected  face  of  ranp  3 and 
ranp  4 of  four- ranp  system 
TOTAL  Refer  to  Table  10 

TS  Minimun  honeycomb  facesheet  thickness,  in. 

TW  Minimun  web  thickness,  in. 

VAVG  Design  shear,  for  ranp  3 of  four-ranp  system,  lb 
VI  Force  on  ranp  1 due  to  differential  pressure,  lb 

V2  Force  on  ranp  2 due  to  differential  pressure,  lb 

V3  Force  on  ranp  3 due  to  differential  pressure,  lb 

V4  Force  on  ranp  4 due  to  differential  pressure,  lb 

W Panel  width,  in. 

VflWA  Minimun  actuator  beam  weight,  lb 

WTM-t  Minimun  hinge  beam  weight,  lb 

WTML  Minimum  panel  weight,  lb 

WTML1  Minimum  ramp  1 panel  weight,  lb 

WTML2  Minimum  ranp  2 panel  weight,  lb 

W1ML3  Minimum  ramp  3 panel  weight,  lb 

WTML4  Minimum  ranp  4 panel  weight,  lb 

WIMT  Minimun  transverse  beam(s)  weight,  lb 

kTIMTA  Minimum  actuator  beam  weight,  lb 

WTMT1  Minimum  ranp  1 transverse  beams  weight,  lb 

WTMT2  Minimum  ranp  2 transverse  meams  weight,  lb 

WTMT4  Minimum  ranp  4 transverse  beams  weight,  lb 

XIM  Minimum  weight  correlation  factor 

XL  Panel  length,  in. 

XMAFT  Bending  moment  at  aft  actuator  location  on  ramp  3,  in. -lb. 
XMAVG  Design  bending  moment  for  ranp  3 of  four-ranp  system,  in. -lb. 
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* * WiMa*-  r ■ — jfc  ,-tv  tjjfr  t , ifr  ! y rV.V 


XML* 

XMFWD 

:i 

7 

23 

24 
23 
26 


Bending  moment  at  midspan 
Bending  moment  at  forward 
Shear  at  point  on  ramp  3, 
Shear  at  point  on  ramp  3, 
Shear  at  point  on  ramp  3, 
Shear  at  point  on  ramp  3, 
Shear  at  point  on  ramp  3, 
Shear  at  point  on  ramp  3, 


on  ramp  3,  in. -lb. 

actuator  location  on  ramp  3,  in. -lb. 

lb 

lb 

lb 

lb 

lb 

lb 


Labeled  Common  Arrays 

IP  (67)  Print/no  print  indicator 

0 = print  ramp  predefined  variables,  input  variables, 

and  weight  and  load  summary  (see  Figure  31) 

1 = do  not  print 


Mass  Storage  File  Records 


None 


Error  Messages 


None 


SUBROUTINE  SPIKE 


General  Description 

Deck  najite: 

SPIKE 

Entry  name: 

SPIKE 

Called  by: 

AiSMN 

Subroutines  called: 

None 

This  routine  calculated  the  weight  of  three-dimensional  inlet  throat 
area  control  spikes.  Statistical  equations  are  used  to  calculate  these 
we  i gilts. 
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and  detail  weights  (IP(67)). 
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and  detail  weights  (IP(67))  (cont). 
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and  detail  weights  (IP(67))  (cond). 


Arrays  and  Variables  Used 

D Constants  (refer  to  Table  11) 

DATS(l)  Number  of  nacelles 

DATS(4)  Capture  area  per  inlet,  in.2 

DATS(5)  Number  of  inlets  per  air  vehicle 

DATS(6)  Distance,  leading  edge  of  inlet  to  throat,  in. 

EQU(29)  Fixed  spike  weight  estimate  constant 
EQU(30)  Translating  spike  weight  estimate  constant 
EQU(31)  Translating  and  expanding  spike  weight  estimate  constant 

IVG  Inlet  type 

1 = fixed  duct 

2 = fixed  spike 

3 = horizontal  ramp 

4 - vertical  ramp 

5 * translating  spike 

6 = translating  and  expanding  spike 

Arrays  and  Variables  Calculated 


t 

A 

i 

i 

i 

c 

}, 

f 


s(i) 

SUNM(13) 

SUNM(14) 

SUNM(15) 

SUNM(16) 

SUNM(17) 

SUNM(18) 

WFTS 

WHFS 

WTES 


Fraction  of  spike  weight  per  nacelle 

Weight  of  fixed  spike  per  nacelle  (per  vehicle  for  fuselage 
mounted  engines) , lb 

X-CG  of  fixed  spike  relative  to  inlet  leading  edge,  in. 
Weight  of  translating  spike  per  nacelle  (per  vehicle  for 
fuselage  mounted  engines),  lb 

X-CG  of  translating  spike  relative  to  inlet  leading  edge,  in. 
Weight  of  translating  and  expanding  spike  per  nacelle  (per 
vehicle  for  fuselage  mounted  engines),  lb 
X-CG  of  translating  and  expanding  spike  relative  to  inlet 
leading  edge,  in. 

TOT  (36),  weight  of  translating  spike  per  nacelle,  lb 
TOT  (35),  weight  of  fixed  spike  per  nacelle,  lb 
TOT  (37) , weight  of  translating  and  expanding  spike  per 
nacelle,  lb 


Mass  Storage  File  Records 
None 
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Error  Messages 


None 


SUBROUTINE  DUCTS 
General  Description 

Deck  name:  DUCTS 

Entry  name:  DUCTS 

Called  by:  AISNN 

Subroutines  called:  DCTGEO,  FRJ-MD3,  FRMELD,  DUCPNL,  DUCFRM,  DUCWET 

This  subroutine  controls  the  inlet  duct  weight  estimating  procedure 
by  calling  geometry  and  design  synthesis  routines.  Subroutine  DCTGEO  is 
called  to  calculate  geometry  data  at  each  of  the  duct  cuts.  The  routine 
then  controls  the  synthesis  calculations  starting  at  the  first  complete  duct 
section  and  proceeding  through  the  last  cut.  Subroutines  FRMND3,  FRMLD, 
DUCPNL,  and  DUCFRM  are  called  to  synthesize  duct  panel  and  frame  structure 
at  each  of  the  duct  cuts.  The  synthesis  cut  counter,  either  I or  L,  is 
stored  in  common  for  use  by  these  routines. 

Duct  frame  spacing  search  is  performed  at  each  duct  cut.  The  type  of 
program  operation  is  defined  by  input  frame  spacing  data.  If  a thousand 
has  been  added  to  the  desired  frame  spacing,  a fixed  spacing  is  indicated. 
Frame  spacing  search  is  indicated  by  an  input  minimum  spacing.  The  search 
starts  at  this  minimum  and  progresses  at  fixed  spacing  increments  until  the 
combined  weight  of  ducts  and  frames  increases  with  increased  spacing. 

A final  pass  is  then  made  at  the  spacing  prior  to  that  which  produced  an 
increase  in  weight.  Should  the  initial  spacing  or  any  intermediate  spacing 
exceed  the  predefined  maximum,  the  search  is  abbreviated  at  the  maximum 
spacing.  The  indicator  IFRM  is  used  to  direct  the  search  process  as  follows: 

IFRM  * 1 Initial  spacing  pass 

IFRM  * 2 Second  or  subsequent  spacing  pass 

IFRM  * 3 Final  spacing  or  fixed  spacing  pass 

Subroutine  DUCWET  is  called  to  calculate  duct  weight  based  on  the 
sizing  data.  DUCWET  also  calculates  the  weight  of  one- dimensional  inlet 
leading  structure.  Weight  correlation  factors  are  applied  to  the  resultant 
weights  which  are  then  summarized  in  the  SUNM  array.  Duct  structure  center- 
of-gravity  calculations  assume  longitudinal  segment  weight  centroids  to  be 
midway  between  bounding  cuts.  Leading  edge  structure  center  of  gravity  is 
assumed  to  be  located  at  two  thirds  of  the  leading  edge  segment  length. 
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Arrays  and  Variables  Used 


AA 

BB2 

BEN 

BLD 

BSD 

BUD 

D 

DATD 

DATK(l) 

DLXD 

DOD 

FRWT 

IGD 


IP 

ROD 

SFD 

TC 

TCC 

XL 

TOT 

TWW 

W 

TOD 

WTT) 

WTLP 

XMISC 


Unit  internal  axial  load  at  frame  segment  centroids,  lb/ (lb/in.) 
Frame  cap  width  at  frame  segment  centroids,  in. 

Unit  internal  bending,  moment  at  frame  segment  centroids,  in. -lb/ 
(lb/ in.) 

Lower  sector  duct  panel  peripheral  length  at  cuts,  in. 

Side  sector  duct  panel  peripheral  length  at  cuts,  in. 

Upper  sector  duct  panel  peripheral  length  at  cuts,  in. 

Constants  (refer  to  Table  11) 

Duct  geometry  and  design  data  (refer  to  Table  12) 

Duct  weight  index  factor 

Duct  segment  lengths  between  cuts,  in. 

Vertical  flat  length  of  duct  contour  at  cuts,  in. 

Weight  of  one  frame  at  duct  cuts,  lb. 

Duct  leading  edge  type  indicator 

0 “ complete  section 

1 * vertical  lip 

2 = horizontal  lip 


Print  control,  see  labeled  conmon  arrays 
Comer  radius  of  duct  contour  at  cuts,  in. 
Surface  area  of  duct  segments,  in. 2 
Duct  panel  field  thickness  at  cuts,  in. 

Frame  cap  thickness  at  frame  segment  centroids, 
Duct  panel  land  thickness  at  cuts,  in. 

Weight  summary  data  (refer  to  Table  24) 

Frame  web  thickness  at  frame  segment  centroids, 
Unit  internal  shear  at  frame  segment  centroids, 
Horizontal  flat  length  of  duct  contour  at  cuts, 
Duct  segment  weights,  lb. 

TOT  (23),  Weight  inlet  lip  per  nacelle,  lb. 
Refer  to  "Labeled  Common  Arrays" 


in. 


in. 

lb/ (lb/ in.) 
in. 


Arrays  and  Variables  Calculated 

FD  S(41),  frame  depth,  in. 

I Duct  synthesis  cut  counter 

IC  Number  of  frame  cuts 

IFF  Number  of  frame  segments 

IFRM  Frame  spacing  search  pass  counter 
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i * <•* t 'tp^n*eT»f,  *e$f  jn  V i8fS#*t!!'1  MfWdPC?? 


IQ  Number  of  frame  segments  per  quadrant 
KC  Duct  perimeter  code 

1 * perimeter  input 

2 * perimeter  correction  factor  input 

L Duct  synthesis  cut  counter 

NC  Number  of  input  duct  cuts 

S(l)  Summation  of  duct  weight  times  X-arms,  in. -lb 

SFRM  Duct  frame  spacing  at  duct  cuts,  in. 

SUNM  Weight  summary  (refer  to  Table  20). 

TOT  Weight  sumnary  (refer  to  Table  24) 


Labeled  Common  Arrays 

IP  (69)  Print/no  print  indicator 

0 * print  detail  duct  frame,  geometry,  and  sizing  data 

(Figures  32  and  33) 

1 * do  not  print 

XMISC(85)  Alphanumeric  case  title 
XMISC(IOO) 


Mass  Storage  File  Records 
None 


Error  Messages 
None 


SUBROUTINE  DCTGEO 

General  Description 

Deck  name:  DCTGEO 

Entry  name:  DCTGEO 

Called  by:  DUCTS 

Subroutines  called:  None 

This  subroutine  calculates  shape  parameters  at  the  duct  cuts  and  length, 
and  sufface  area  for  segments  bounded  by  cuts.  The  surface  area  is  calculated 
for  the  total  number  of  ducts  in  the  fuselage  or,  for  podded  engines,  the 
total  number  of  ducts  in  a nacelle. 
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Figure  32.  Sample  output  from  DUCTS  of  unit  internal  frame  loads  and 

frame  sizing  data  (IP(69)). 
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Figure  33.  Sanple  output  from  DUCTS  of  duct  detail  geometry  and  weight 

data  (IP (69)). 


Data  input  to  this  routine  consists  of  depth,  width,  lateral  centroid, 
and  either  perimeter  or  perimeter  correction  factor  at  as  many  as  10  duct 
stations.  The  first  cut  describes  geometry  at  the  leading  edge,  and  the  last 
cut  describes  geometry’  at  the  engine  face.  Perimeter  code,  KC,  is  used  to 
designate  whether  the  perimeter  or  perimeter  correction  factor  is  defined,  If 
KC  is  1,  the  perimeter  is  input  at  the  cuts.  If  KC  is  2,  the  perimeter  cor- 
rection factor  is  input  data,  and  the  perimeter  is  calculated  and  substituted 
for  the  correction  factors. 

Input  geometry  describes  a single  duct.  If  the  lateral  centroid  at  a cut 
is  a positive  value,  two  ducts  are  indicated  and  the  surface  area  is  calculated 
for  the  two  ducts.  Should  the  lateral  centroid  at  a cut  be  zero  followed  by  a 
cut  where  the  lateral  centroid  is  a positive  value,  this  indicates  division  of 
a single  duct  into  two  ducts.  Conversely,  two  ducts  could  join  to  become  a 
single  duct.  In  either  case,  geometry  at  the  aft  cut  is  used  to  calculate  the 
surface  area  for  the  segment  in  which  the  transition  occurs. 

In  most  instances,  the  duct  leading  edge  is  a conplete  section.  How- 
ever, should  there  be  a one -dimensional  leading  edge,  the  single  dimension  is 
described  in  the  input  data  set;  the  perimeter  or  perimeter  correction  factor 
is  not  input  for  this  station.  The  second  cut  would  then  describe  the  first 
complete  duct  section.  The  surface  area  for  this  leading  edge  segment  is 
then  calculated  from  the  geometry  at  the  two  bounding  cuts.  The  segment 
longitudinal  centroid  is  assumed  to  be  two-thirds  of  the  distance  aft  of  the 
leading  edge.  The  longitudinal  centroid  for  all  other  segments  or  for  a 
continous  leading  edge  segment  is  assumed  to  be  midway  between  bounding 
cuts. 


Arrays  and  Variables  Used 


D Constants  (refer  to  Table  11) 

DATD  Duct  geometry  and  design  data  (refer  to  Table  12) 
KC  Duct  perimeter  code 

1 = perimeter  input 

2 = perimeter  correction  factor  input 

N:C  Number  of  input  duct  cuts 


Arrays  and  Variabl ?s  Calculated 

BLD  Lower  sector  duct  panel  peripheral  length  at  cuts,  in. 
BSD  Side  sector  duct  panel  peripheral  length  at  cuts,  in. 
BUD  Upper  sector  duct  panel  peripheral  length  at  cuts,  in. 
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DATD(61)-  Duct  perimeter,  in.,  at  cut;  calculated  when 
DATD(70)  perimeter  correction  factor  input 
DLXD  Duct  segment  lengths  between  cuts,  in. 

DOD  Vertical  flat  length  of  duct  contour  at  cuts,  in. 

IGD  Duct  leading  edge  type  indicator 

0 - complete  section 

1 ■ vertical  lip 

2 ■ horizontal  lip 

ROD  Comer  radius  of  duct  contour  at  cuts,  in. 

S Intermediate  calculations 

SFD  Surface  area  of  duct  segments,  in. 2 

WOD  Horizontal  flat  length  of  duct  contour  at  cuts,  in. 


Labled  Common  Arrays 


None 


Mass  Storage  File  Records 
None 


Error  Messages 

• WARNING  FROM  DCTGEQ  IN  AIR  INDUCTION  SYSTEM 
DUCT  LIP  GEOMETRY  ERROR 

The  foregoing  message  is  printed  when  a one-dimensional  leading  edge  is 
indicated  by  zero  in  input  location  DATD  (61)  and  neither  depth  or  width  are 
defined  for  the  leading  edge  station.  The  surface  area  calculated  for  the 
leading  edge  segment  represents  two  triangular  sides  and  a triangular  top. 

• WARNING  FROM  DCTGEO  IN  AIR  INDUCTION  SYSTEM 

SECTION  XX  IS  RECTANGLE  OR  ROUNDED  RECT.  CORRECTION  IS  Y.YYY 

The  foregoing  warning  message  appears  when  the  program  encounters 
difficulty  in  fitting  the  shape,  base  on  input  geometry.  XX  locates  the  cut 
at  which  the  difficulty  occurred,  and  Y.YYY  is  the  scaling  factor  applied  to 
depth  and  width.  The  perimeter  is  assumed  to  be  the  independent  variable  and 
is  not  revised.  Should  the  scaling  factor  indicate  a significant  revision, 
the  input  data  shoud  be  examined  for  possible  errors. 
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SUBROUTINE  FRMD3 


General  Description 

Deck  name : FRNND3 

Entry'  name : FRNND3 

Called  by:  DUCTS 

Subroutines  called:  None 

This  subroutine  calculates  the  duct  frame  node  coordinates  based  on 
rounded  rectangle  shapes.  This  routine  is  entered  to  perform  these  calcu- 
lations at  each  duct  station,  starting  at  the  first  complete  duct  section. 

Frame  synthesis  cut  coordinates  are  based  on  equal  length  segments 
along  the  duct  contour.  The  first  cut  is  taken  at  the  top  centerline,  which 
also  defines  coordinates  of  the  last  synthesis  cut. 


Arrays  and  Variables  Used 


D Constants  (refer  to  Table  11) 

DOD  Vertical  flat  length  of  duct  contour  at  cuts,  in. 

IFF  Number  of  frame  segments 

IQ  Number  of  frame  segments  per  quadrant 

L Duct  synthesis  cut  location  counter 

ROD  Comer  radius  of  duct  contour  at  cuts,  in. 

WOD  Horizontal  flat  length  of  duct  contour  at  cuts,  in. 


Arrays  and  Variables  Calculated 

DLS  Frame  segment  lengths  at  duct  mold  line,  in. 

S Intermediate  calculations 

Y Y-coordinate  of  frame  cuts  at  duct  mold  line,  in. 

YB  Y-centroid  of  frame  segments  at  duct  mold  line,  in. 
Z Z- coordinate  of  frame  cuts  at  duct  mold  line,  in. 

ZB  Z- centroid  of  frame  segments  at  duct  mold  line,  in. 


Labled  Common  Arrays 


None 
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Mass  Storage  File  Records 


None 


Error  Massages 


None 


SUBROUTINE  FRNELD 

General  Description 

Deck  name:  FRMELD 

Entry  name:  FRKELD 

Called  by:  DUCTS 

Subroutines  called:  None 

This  subroutine  calculates  internal  frame  loads  for  a unit  pressure 
loading  by  the  elastic  center  method.  A loading  of  1 pound  per  inch 
normal  to  the  duct  mold  line  contour  is  assured  to  be  reacted  by  the  frame. 

Unit  internal  loads  are  calculated  at  the  neutral  axis  of  frame  segments. 

Inner  frame  cap  coordinates  at  frame  cuts  are  defined  in  subroutine  FRTM)3. 

These  coordinates  and  frame  depth  are  used  to  calculate  neutral  axis  coordinates. 


Arrays  and  Variables  Used 


D Constants  (refer  to  Table  11) 

DLS  Frame  segment  lengths  at  duct  mold  line,  in. 

FD  S(41),  frame  depth,  in. 

IC  Number  of  frame  cuts 
IFF  Number  of  frame  segments 
IP  Print  control,  see  labeled  cornnon  arrays 
IQ  Number  of  frame  segments  per  quadrant 
L Duct  synthesis  cut  location  counter 
Y Y-coordinate  of  frame  cuts  at  duct  mold  line,  in. 
YB  Y- centroid  of  frame  segments  at  duct  mold  line,  in. 

Z Z- coordinate  of  frame  cuts  at  duct  mold  line,  in. 

ZB  Z-centroid  of  frame  segments  at  duct  mold  line,  in. 
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Arrays  and  Variables  Calculated 


A Static  lateral  load  at  frame  cuts,  lb/(lb/in.) 

AA  Unit  internal  axial  load  of  frame  segment  centroids,  lb/ (lb/ in.) 
BEN  Unit  internal  bending  moment  at  frame  segment  centroids,  in. -lb/ 
(lb/ in.) 

BM  Static  bending  moment  at  frame  cuts,  in. -lb/ (lb/ in.) 

BND  S(43),  frame  moment  redundant,  in- lb/ (lb/in.) 

DLSP  Frame  segment  length  at  frame  centroids,  in. 

ID  S(44),  frame  lateral  load  redundant,  lb/ (lb/in.) 

S Intermediate  calculations 

V Static  vertical  load  at  frame  cuts,  lb/ (lb/in.) 

VO  S(45),  frame  vertical  load  redundant,  lb/ (lb/in.) 

W Unit  internal  shear  at  frame  segment  centroids,  lb/ (lb/in.) 

VP  Y-coordinate  of  frame  neutral  axis  at  cuts,  in. 

YPB  Z-centroid  of  frame  segment  at  neutral  axis,  in. 

ZP  Z-coordinate  of  frame  neutral  axis  at  cuts,  in. 

ZPB  A- centroid  of  frame  segment  at  neutral  axis,  in. 

ZZS  S(42),  Z-centroid  of  elastic  center,  in. 


Labled  Common  Arrays 

IP (68)  Print/no  print  indicator 

0 » print  duct  frame  redundants  and  geometry  data 

1 = do  not  print 

Mass  Storage  File  Records 
None 


Error  Messages 


None 


266 


SUBROUTINE  DUCPNL 


General  Description 

Deck  name:  DUCPNL 

Entry  name:  DUCPNL 

Called  by:  DUCTS 

Subroutines  called:  None 

This  subroutine  calculates  duct  panel  thickness  required  to  satisfy 
strength  and  deflection  criteria  for  either  milled  or  constant  thickness 
construction.  The  process  consists  of  a systematic  evaluation  which  starts 
at  minimum  gage  and  investigates  each  of  the  speed- altitude  profile  points 
in  search  of  the  designing  condition. 

This  routine  is  called  to  perform  these  calculations  at  each  duct 
station,  starting  at  the  first  complete  duct  section.  Throat  pressures 
are  used  for  duct  stations  forward  of  the  inlet  throat.  Pressures  at  duct 
stations  aft  of  the  throat  are  obtained  by  interpolating  between  pressure  at 
the  inlet  throat  and  at  the  engine  front  face. 


Arrays  and  Variables  Used 


D Constants  (refer  to  Table  11) 

DATD  Duct  geometry  and  design  data  (refer  to  Table  12) 

DATS (6)  Distance,  leading  edge  of  inlet  to  throat,  in. 

EH  Duct  material  modulus  of  elasticity  on  Nb  diagram,  psi 

EL  Duct  material  modulus  of  elasticity  on  Ml  diagram,  psi 

EQU  Equation  and  physical  constants  (refer  to  Table  17) 

FKTH  Duct  material  tensile  strength  under  cyclic  loading  on  MH 

diagram,  fraction  of  ultimate  tensile  strength 
FKTL  Duct  material  tensile  strength  under  cyclic  loading  on  Ml 
diagram,  fraction  of  ultimate  tensile  strength 
FTUH  Duct  material  ultimate  tensile  strength  on  Mh  diagram,  psi 

FTUL  Duct  material  ultimate  tensile  strength  on  Ml  diagram, psi 

I Duct  synthesis  cut  location  counter 

NC  Number  of  input  duct  cuts 

PHEH  Hammershock  pressure  at  engine  on  Mh  diagram,  psia 

PHEL  Hammershock  pressure  at  engine  on  Ml  diagram,  psia 

PHTH  Hammershock  pressure  at  throat  on  Mh  diagram,  psia 

PHTL  Hammershock  pressure  at  throat  on  ML  diagram,  psia 

PO  Ambient  pressure  at  nine  speed  profile  altitude,  psf 
PSL  Static  absolute  pressure  at  engine  on  Ml  diagram,  psia 

PST  Static  absolute  pressure  at  throat  on  ML  diagram,  psia 

RHOD  Duct  material  density,  lb/in. 3 
SFRM  Duct  frame  spacing  at  duct  cuts,  in. 

XO  Duct  cut  stations,  in.  (refer  to  DATD) 
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Arrays  and  Variables  Calculated 


IMIL  Duct  panel  mill  indicator 

0 ■ panel  not  milled 

1 - panel  milled,  lands  at  frames 

S(l)  Interpolation  factor  for  pressure 
S(2)  Ultimate  tensile  strength,  psi 

S(3)  Fraction  of  ultimate  tensile  strength  for  cyclic  loading 

S(4)  Modulus  of  elasticity,  psi 

S(5)  Limit  to  ultimate  design  factor 

S(6)  Limit  design  stress,  psi 

S(7)  Limit  pressure  at  throat,  psig 

S(8)  Limit  pressure  at  engine,  psig 

S(9)  Allowable  panel  deflection,  in. 

S(10)  Limit  pressure  at  duct  cut,  psig 
S(ll)  Intermediate  calculation 

S(20)  Intermediate  calculation,  panel  field  thickness,  in. 
S(21)  Intermediate  calculation,  panel  land  thickness,  in. 

S(22)  Intermediate  calculation 

TC  Duct  panel  field  thickness  at  duct  cuts,  in. 

TL  Duct  panel  land  thickness  at  duct  cuts,  in. 

TOT (3)  Duct  weight  per  inch  of  length  at  duct  cuts,  lb/in. 


Labled  Common  Arrays 
None 


Mass  Storage  File  Records 
None 


Error  Messages 


None 


SUBROUTINE  DUCFRM 


General  Description 


Deck  name:  DUCFRM 

Entry  name:  DUCFRM 

Called  by:  DUCTS 

Subroutines  called:  None 

This  subroutine  calculates  duct  frame  weight  for  a specified  frame 
spacing  and  duct  cut  station.  Weight  is  derived  from  a frame  element  sizing 
procedure  based  on  internal  loads,  material  properties,  and  fabrication 
minimums. 

Hie  siting  procedure  consists  of  a systematic  evaluation  of  internal 
loads  due  to  static  and  hammershock  pressure  at  each  of  the  nine  speed  profile 
altitudes.  The  lower  limit  in  the  sizing  procedure  is  defined  by  initializing 
frame  elements  to  fabrication  minimums.  Internal  loads  are  obtained  by 
multipling  unit  internal  loads,  calculated  by  subroutine  FRMELD,  by  design 
pressure  and  frame  spacing,  Throat  pressures  are  used  for  duct  stations 
forward  of  the  inlet  throat.  Design  pressures  for  stations  aft  of  the  throat 
are  obtained  by  interpolation  between  pressures  at  the  inlet  throat  and  the 
engine  front  face. 


Arrays  and  Variables  Used 


AA  Unit  internal  axial  load  at  frame  segment  centroids,  lb/ (lb/ in.) 

BEN  Unit  internal  bending  moment  at  frame  segment  centroids,  in. -lb/ 

(lb/in.) 

D Constants  (refer  to  Table  11) 

DATS (6)  Distance  leading  edge  of  inlet  to  throat,  in. 

DLSP  Frame  segment  lengths  at  frame  centroids,  in. 

D1  D(l) , constant  1.0 

D2  0(2),  constant  2.0 

EH  Duct  material  modulus  of  elasticity  on  MH  diagram,  psi 

EL  Duct  material  modulus  of  elasticity  on  Ml  diagram,  psi 

FCYH  Duct  material  conpression  yield  stress  on  MH  diagram,  psi 

FCYL  Duct  material  conpression  yield  stress  on  ML  diagram,  psi 

FD  S(41),  frame  depth,  in. 

FMUH  Duct  material  Poisson's  ratio  on  MH diagram 

FMUL  Duct  material  Poisson's  ratio  on  ML  diagram 

FSUI1  Duct  material  ultimate  shear  strength  on  M^  diagram,  psi 

FSUL  Duct  material  ultimate  shear  strength  on  ML  diagram,  psi 

I Duct  synthesis  cut  location  counter 

IFF  Number  of  frame  segments 

NC  Number  of  input  duct  cuts 

PHEII  Hammershock  pressure  at  engine  on  MH  diagram,  psia 
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PHEI1  Hammershock  pressure  at  engine  on  Mh  diagram,  psia 

PHHL  Hammershock  pressure  at  engine  on  Mt  diagram,  psia 

PHTH  Hammershock  pressure  at  throat  an  % diagram,  psia  _ 

PHTL  Hammershock  pressure  at  throat  on  Ml  diagram,  psia 

PI  D(15),  constants 

PO  Anibient  pressure  at  nine  speed  profile  altitudes,  psf 

PSL  Static  absolute  pressure  at  engine  on  ML  diagram,  psia 

PST  Static  absolute  pressure  at  throat  on  Ml  diagram,  psia 

RHOD  Duct  material  density,  lb/in/* 

SFRM  Duct  frame  spacing  at  duct  cuts,  in. 

W Unit  internal  shear  at  frame  segment  centroids  lb/(ln/in.) 

XO  Duct  cut  stations,  in.  (refer  to  DATD  array  Table  12) 

ZERO  D(24),  constant  0.0 


Arrays  and  Variables  Calculated 


AC  S(58) , frame  cap  area,  in.2 

AMI  S (54) , minimum  frame  cap  area,  in.2 

BB2  Frame  cap  width  at  frame  segment  centroids,  in. 

BC2  S (62) , frame  cap  width,  in. 

E S (51) , frame  material  modulus  of  elasticity,  psi 

FCY  S (47) , frame  material  compression  yield  stress,  psi 

FKC  S(48),  frame  buckling  coefficient 

FMU  S (50) , frame  material  Poisson's  ratio. 

FRWT  Weight  of  one  frame  at  duct  cuts,  lb 

FSU  S (48) , frame  material  ultimate  shear  strength,  psi 

ICNT  Design  pressure  point  counter 

PAA  S(57),  frame  cap  axial  load  from  combined  axial  and  bending 
load,  lb 

PAX  S(56),  frame  axal  load,  lb 

RHO  S(S2),  frame  material  density,  lb/in.3 

S Intermediate  calculations 

TCAP  S(61),  frame  cap  thickness,  in. 

TCAP2  S(63),  half  of  frame  cap  thickness,  in. 

TCC  Frame  cap  thickness  at  frame  segment  centroids,  in. 

TEM2  5(55),  intermediate  calculation 

T0T(4)  Frame  weight  per  inch  of  duct  length  at  duct  cut,  in. 

TW  S (59) , frame  web  thickness,  in. 

TWS  S(60),  frame  stiffener  thickness,  in. 

TWT  S(67),  frame  weight,  lb 

TWW  Frame  web  thickness  at  frame  segment  centroids,  in. 

WTF  S(64),  frame  cap  weight,  lb 

WTST  S(66),  frame  stiffener  weight,  lb 

WTW  S(65),  frame  web  weight,  lb 
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Labeled  Common  Arrays 


.None 


.'lass  Storage  File  Records 


None 


Error  Messages 


None 


SUBROUTINE  DUG WET 

General  Description 

Deck  name : DUOVET 

Entry  name:  DUCWET 

Galled  by:  DUCTS 

Subroutines  called:  None 

This  subroutine  calculates  inlet  duct  weight  for  each  of  the  duct  seg- 
ments. Duct  weight  calculation  is  based  on  linear  thickness  taper  between 
forward  and  aft  boundaries  of  segments. 

Structural  arrangement  is  evaluated  so  that  calculated  weights  account 
for  the  total  duct  weight  in  a single  nacelle  or,  for  fuselage  buried  engine 
concepts,  the  total  auct  weight  in  the  vehicle.  These  calculations  account 

for: 


1 . One-dimensional  inlet  lip 
Variable  geometry  ramps 

3.  One  or  two  ducts  and  the  transition  from  two  ducts  to  one 

One -dimensional  inlet  lip  structure  weight  is  calculated  on  a unit  weight 
basis.  Surface  area  for  the  first  inlet  segment  is  used  to  calculate  this 
structure.  Variable-geometry  ramps  are  assumed  to  form  part  of  duct  wall. 
Should  ramps  exist,  that  portion  of  duct  which  is  covered  by  ramps  is  deleted 
in  the  calculation  of  duct  panel  weights.  One  or  two  ducts  may  exist  in  a 
nacelle  or  fuselage.  On  some  configurations,  the  inlet  system  may  consist 
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of  two  ducts  which  combine  to  form  a single  duct.  Weight  calculation  for 
the  segment  in  which  this  geometric  transition  occurs  is  performed  by  using 
geometry  and  sizing  data  at  the  aft  boundary  of  the  affected  segment. 


Arrays  and  Variables  Used 


BSD  Side  sector  duct  panel  peripheral  length  at  cuts,  in. 

BUD  Upper  sector  duct  panel  peripheral  length  at  cuts,  in. 

D Constants  (refer  to  Table  11). 

DATD  Duct  geometry  and  design  data  (refer  to  Table  12) 

DATR  Ramp  geometry  and  design  data  (refer  to  Table  15) 

DLXD  Duct  segment  lengths  between  cuts,  in. 

EQU(96)  Duct  lip  unit  weight,  psf 

IQ)  Duct  leading  edge  type  indicator 

0 = complete  section 

1 ■ vertical  lip 

2 = horizontal  lip 

IVG  Inlet  type  indicator 

1 = fixed  duct 

2 = fixed  spike 

3 = horizontal  ramp 

4 = vertical  ramp 

5 = translating  spike 

6 = translating  and  expanding  spike 

NC  Number  of  input  duct  cuts  ^ 

R1I0D  Duct  material  density,  lb/in. 

SFD  Surface  area  of  duct  segments,  in.2 

SFRM  Duct  frame  spacing  at  duct  cuts,  in. 

TC  Duct  panel  field  thickness  at  duct  cuts,  in. 

TL  Duct  panel  land  thickness  at  duct  cuts,  in. 

XO  Duct  cut  stations,  in.  (refer  to  DATD  array  Table  12) 


Arrays  and  Variables  Calculated 


S Intermediate  calculations 

Wil)  Duct  segment  weights,  lb 

WILD  TOT (23),  weight  inlet  lip  per  nacelle,  lb 


Labeled  Common  Arrays 


None 
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Mass  Storage  File  Records 


None 


Error  Messages 
None 


SUBROUT  l NL  NACELE 


General  Description 

Deck  name : NACELE 

Entry  name:  NACELE 

Called  by:  AIDIN' 

Subroutines  called:  NCLGEO 

TTiis  subroutine  is  called  to  estimate  nacelle  shell  structure  for 
externally  mounted  engine  installations.  Weight  and  balance  data  for  nacelle 
panels,  frames,  and  load  redistribution  members  are  calculated  in  this  routine. 
The  estimating  procedure  consists  of  the  evaluation  of  structural  minimums, 
local  panel  flutter,  and  duct-nacelle  compatibility.  Subroutine  NCLGEO  is 
called  to  develop  the  required  nacelle  geometry  data. 

Ihe  nacelle  is  assumed  to  consist  of  an  inlet  section  and  an  engine 
compartment  section.  This  distinction  is  made  to  evaluate  structural  arrange- 
ment differences  in  the  two  sections.  In  the  inlet  section,  frame  weight  and 
spacing  are  determined  for  duct  design  requirements.  These  data  are  developed 
by  the  duct  estimating  routines.  Frame  weight  and  spacing  at  nacelle  cuts 
are  obtained  by  interpolating  between  bounding  duct  cuts.  Should  two  inlet 
ducts  exist  at  a nacelle  cut,  the  corresponding  nacelle  frame  is  assumed  to 
be  equivalent  to  two  duct  frames.  Frame  spacing  in  the  engine  compartment 
section  is  defined  by  input  nacelle  data.  Frame  weight  in  the  engine  compart- 
ment is  calculated  from  predefined  shape  and  minimum  thickness. 

Nacelle  cover  thicknesses  at  nacelle  cuts  are  established  by  minimum  gage 
and,  for  supersonic  aircraft,  by  local  panel  flutter  requirements  if  critical. 
Critical  panel  flutter  requirements  are  obtained  by  a systematic  evaluation 
of  mach  number,  dynamic  pressure,  and  material  modulus  of  elasticity  at  each 
of  the  nine  speed-altitude  profile  points.  The  appropriate  frame  spacing  is 
used  to  determine  thickness  required  to  prevent  local  panel  flutter  at  each 
nacelle  cut. 
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Nacelle  component  weights  are  calculated  for  each  nacelle  segment.  Should 
the  first  nacelle  segment  geometry  define  a one-dimensional  leading  edge 
structure,  weight  for  that  segment  is  not  calculated  to  avoid  duplication 
since  the  weight  for  that  segment  is  calculated  as  part  of  the  inlet  duct 
structure. 

Cover  weight  calculations  are  based  on  linear  thickness  taper  between 
the  forward  and  aft  boundaries  of  segments.  Cover  panels  which  are  replaced 
by  engine  removal  doors  are  deleted  in  these  weight  calculations.  Frame  weight 
within  segments  are  based  on  weight  per  linear  inch  at  the  bounding  cuts. 

Load  redistribution  structure  weight  is  based  on  nacelle  profile  area. 

This  calculation  is  performed  for  multiple  engine  nacelle  arrangements  where 
engine  loads  are  reacted  by  nacelle  structure  which  then  transfers  the  loads 
to  pylons. 

Weight  correlation  factors  are  applied  to  the  resultant  weights  which  are 
then  summarized  in  the  SUMM  array.  Center-of-gravity  calculations  assume 
longitudinal  segment  weight  centroids  to  be  midway  between  bounding  cuts. 


Arrays  and  Variables  Used 


ALT  Nine  altitudes  on  speed  profile,  ft 

BLN  Lower  sector  nacelle  panel  peripheral  length  at  cuts,  in. 

BSN  Side  sector  nacelle  panel  peripheral  length  at  cuts,  in. 

BUN  Upper  sector  nacelle  panel  peripheral  length  at  cuts,  in. 

D Constants  (refer  to  Table  11) 

DATD  Duct  geometry  and  design  data  (refer  to  Table  12) 

DA1K  Weight  correlation  factors  (refer  to  EQU  array,  Table  17) 
DATN  Nacelle  geometry  and  design  data  (refer  to  Table  14) 

DATS  Air  induction  system,  nacelle,  and  engine  section  design 
data  (refer  to  Table  16) 

DLXN  Nacelle  segment  lengths  between  cuts,  in. 

DON  Vertical  flat  length  of  nacelle  contour  at  cuts,  in. 

EQU  Equation  and  physical  constants  (refer  to  Table  17) 

FRWTT  Weight  of  one  duct  frame  at  duct  cuts,  lb 
IGN  Nacelle  leading  edge  type  indicator 

0 = complete  section 

1 = vertical  lip 

2 = horizontal  lip 

IP  Print  control  (refer  to  "Labeled  Common  Arrays") 

NC  Number  of  input  duct  cuts 

QL  Dynamic  pressure  on  diagram,  psf 
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RCSN  Side  sector  nacelle  panel  radius  of  curvature  at  cuts,  in. 
RCUN  Upper  sector  nacelle  panel  radius  of  curvature  at  cuts,  in. 
RON  Comer  radius  of  nacelle  contour  at  cuts,  in. 

SFN  Surface  area  of  nacelle  segments,  in. 2 

SFRM  Duct  frame  spacing  at  duct  cuts,  in. 

PIS  Material  properties  (refer  to  Table  23) 

VL  Limit  speed,  Mj  , at  nine  speed  profile  altitudes,  M 

WON  Horizontal  flat  length  of  nacelle  contour  at  cuts,  in. 

XMISC  Refer  to  "Labeled  Conmon  Arrays" 


Arrays  and  Variables  Calculated 


DATN  Nacelle  flutter  design  data  (refer  to  Table  14) 

LLN  Nacelle  material  modulus  of  elasticity,  psi 

FRWN  Weight  of  one  nacelle  frame  at  nacelle  cuts,  lb 

ICN  Lngine  support  type  indicator 

0 = engine  directly  mounted  to  pylon  or  one 

engine  per  nacelle 

1 = multiple  engines  per  nacelle  with  engines 

mounted  to  nacelle  structure 

1 1-4  Calculated  material  properties  file  record  number 

KCX  Nacelle  perimeter  code 

1 = perimeter  input 

2 - perimeter  correction  factor  input 

NCN  Number  of  input  nacelle  cuts 

NFLT  Speed  profile  point  critical  for  local  panel  flutter  design 

RJ KIN  Nacelle  material  density,  lb/in. 3 

SFRX  Nacelle  frame  spacing  at  nacelle  cuts,  in. 

SUMM  Weight  summary  data  (refer  to  Table  20) 

TCN  Nacelle  panel  thickness  at  nacelle  cuts,  in. 

TOT  Weight  summary  data  (refer  to  Table  24) 

WTCX  Nacelle  panel  weights  within  nacelle  segments,  lb 

WTFN  Nacelle  frame  weights  within  nacelle  segments,  lb 

WTLN  Nacelle  load  redistribution  member  weights  within 
nacelle  segments,  lb 


Labeled  Common  Arrays 


(IP(70j  Print/no  print  indicator 

0 = print  nacelle  geometry  and  weight  data  (Figure  35) 

1 = do  not  print 

XMISC (85)  Alphanumeric  case  title 
XMISC (100) 
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Figure  35.  Sanple  output  from  NACELE  of  nacelle  detail  geometry  and  weight 

data  (IP (70)). 


Mass  Storage  File  Records 


Read  by  routine: 

Records  109  through  117 
Written  by  routine: 

None 


Error  Messages 
None 


SUBROUTINE  .NCLGEO 
General  Description 

Deck  name : NCLGEO 

Entry  name:  NCLGEO 

Called  by:  NACELE 

Subroutines  called:  None 

Ibis  routine  calculates  shape  parameters  at  the  nacelle  cuts,  and  length 
and  surface  area  for  segments  bounded  by  cuts.  These  calculations  are  based 
on  a family  of  shapes  that  may  be  defined  by  straight  lines  and  circular  arcs. 

Data  input  to  this  routine  consist  of  depth,  width,  and  either  perimeter 
or  perimeter  correction  factor  at  as  many  as  10  nacelle  stations.  The  first 
cut  describes  geometry  at  the  inlet  leading  edge,  and  the  last  cut  describes 
geometry  at  the  last  full  nacelle  section.  Perimeter  code,  KCN,  is  used  to 
designate  whether  the  perimeter  or  perimeter  correction  factor  is  defined. 

If  KCN  is  1,  the  perimeter  is  input  at  the  cuts.  If  KCN  is  2,  the  perimeter 
correction  factor  is  input  data,  and  the  perimeter  is  calculated  and  substi- 
tuted for  the  correction  factors. 

For  one -dimensional  leading  edges,  the  single  dimension  is  described  at 
the  first  cut;  the  perimeter  or  perimeter  correction  factor  is  not  input  for 
this  station.  The  second  cut  describes  the  first  complete  nacelle  section. 

The  surface  area  for  this  segment  is  not  calculated,  since  it  is  already 
accounted  for  in  the  duct  calculations. 
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Arrays  and  Variables  Used 


X 

| 

I 


I 

I 


t- 


i 


L)  Constants  (refer  to  Table  11) 

DATN  Nacelle  geometry  and  design  data  (refer  to  Table  14) 
KCN  Nacelle  perimeter  code 

1 = perimeter  input 

2 ■ perimeter  correction  factor  input 

NCN  Number  of  input  nacelle  cuts 


Arrays  and  Variables  Calculated 


BLN 

BSN 

BUN 

DATN (61)~ 

DATN(70) 

DLXN 

DON 

IGN 


RCLN 

RCSN 

RCUN 

RON 

S 

SFN 

WON 


Lower  sector  nacelle  panel  peripheral  length  at  cuts,  in. 
Side  sector  nacelle  panel  peripheral  length  at  cuts,  in. 
Upper  sector  nacelle  panel  peripheral  length  at  cuts,  in. 
Nacelle  perimeter  at  cut , in. , calculated  when  perimeter 
Correction  factor  input 
Nacelle  segment  lengths  between  cuts,  in. 

Vertical  flat  length  of  nacelle  contour  at  cuts,  in. 

Nacelle  leading -edge -type  indicator 

0 » complete  section 

1 = vertical  lip 

2 = horizontal  lip 

Lower  sector  nacelle  panel  radius  of  curvature  at  cuts,  in. 
Side  sector  nacelle  panel  radius  of  curvature  at  cuts,  in. 
Upper  sector  nacelle  panel  radius  of  curvature  at  cuts,  in. 
Corner  radius  of  nacelle  contour  at  cuts,  in. 

Intermediate  calculations 

Surface  area  of  nacelle  segments,  in.2 

Horizontal  flat  length  of  nacelle  contour  at  cuts,  in. 


Labeled  Common  Arrays 


None 


Mass  Storage  File  Records 
None 


Error  Messages 


•WARNING  FROM  NCLGLO  IN  AIR  INDUCTION  SYSTEM 
NACELLE  LIP  GEOMETRY  ERROR 

The  foregoing  message  is  printed  when  a one-dimensional  leading  edge  is 
indicated  by  zero  in  input  location  DATN961)  and  neither  depth  or  width  are 
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defined  for  the  leading  edge  station.  Unit  inertias  are  calculated  for  this 
segment,  assuming  a horizontal  lip-type  configuration. 

• WARN I\G  FROM  NCLGEG  IN  AIR  INDUCTION  SYSTEM 

SECTION  XX  IS  RECTANGLE  OR  ROUNDED  RECT.  CORRECTION  IS  Y.YYY 

The  foregoing  warning  message  appears  when  the  program  encounters  some 
difficulty  in  fitting  the  shape,  based  on  input  geometry.  XX  locates  the 
cut  at  which  the  difficulty  occurred,  and  Y.YYY  is  the  scaling  factor  applied 
to  depth  and  width.  The  perimeter  is  assumed  to  be  the  independent  variable 
and  is  not  revised.  Should  the  scaling  factor  indicate  a significant  revision, 
input  data  should  be  examined  for  possible  errors. 


SUBROUTINE  MISCQM 

General  Description 

Deck  name:  MISCQM 

Entry  name:  MISCQM 

Called  by:  AISMN 

Subroutines  called:  None 

This  subroutine  is  called  to  calculate  weight  and  balance  data  for  mis- 
cellaneous nacelle  and  engine  section  components.  Following  is  a list  of 
components  which  are  considered  in  this  routine. 

Engine  mounts 
Duct  by  pass  doors 
Auxiliary  inlet  doors 
Ingine  removal  doors 
Miscellaneous  access  doors 
Firewall 

Nacelle  exterior  finish 
Engine  compartment  shroud 

Statistical  equations  and  rule-of-thumb  methods  are  used  to  compute 
weight  and  balance  data  for  all  of  the  foregoing  items.  Engine  mounts  calcu- 
lations are  performed  for  all  propulsion  system  arrangements.  Tests  are  made 
to  determine  whether  calculations  for  the  other  components  are  required. 


Arrays  and  Variables  Used 

D Constants  (refer  to  Table  11) 

DATD  Duct  geometry  and  design  data  (refer  to  Table  12) 
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D/\TN  Nacelle  geometry  and  design  data  (refer  to  Table  14) 
DATS  Air  induction  system,  nacelle,  and  engine  section 
design  data  (refer  to  Table  16) 

DOD  Vertical  flat  length  of  duct  contour  at  cuts,  in. 

DON  Vertical  flat  length  of  nacelle  contour  at  cuts,  in. 

EQU  Equation  and  physical  constants  (refer  to  Table  17) 

NC  Number  of  input  duct  cuts 

ROD  Comer  radius  of  duct  contour  at  cuts,  in. 

RON  Comer  radius  of  nacelle  contour  at  cuts,  in. 

T0T(12)  Nacelle  surface  area  per  nacelle,  in. 2 

WOO  Horizontal  flat  length  of  duct  contour  at  cuts,  in. 

WON  Horizontal  flat  length  of  nacelle  contour  at  cuts,  in. 


Arrays  and  Variables  Calculated 


NCN  Number  of  input  nacelle  cuts 

S Intermediate  calculations 

SUNM  Weight  summary  data  (refer  to  Table  20) 

WTAI  TOT (41) , weight  auxiliary  inlets  per  nacelle,  lb 
WTBP  TOT (42),  weight  duct  by  pass  doors  per  nacelle,  lb 
WTED  TOT (43),  weight  engine  removal  doors  per  nacelle,  lb 
WTEF  TOT (47) , weight  engine  mounts  per  nacelle,  lb 

Wl’EM  TOT (40),  weight  engine  mounts  per  nacelle,  lb 

WIFW  TOT (45),  weight  firewall  per  nacelle,  lb 

WIT1D  TOT (44),  weight  miscellaneous  doors  per  nacelle,  lb 

WI'SD  TOT  (46) , weight  engine  compartment  shroud  per  nacelle,  lb 


Labeled  Common  Arrays 
None 

Mass  Storage  File  Records 
None 

Error  Messages 
None 
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SUBROUi  I\’E  PYLONS 


Central  Description 

Deck  najiie:  PYLONS 

Entry  name : PYLONS 

Called  by:  A1SMN 

Subroutines  called:  None 

This  subroutine  is  called  to  calculate  weight  and  balance  data  for  pylons 
and  nacelle  attach  fittings.  Separate  weight  calculations  are  performed  for 
inboard  and  outboard  pylons  should  they  exist.  Attach  fitting  weights  are 
calculated  for  the  nacelle  and  content  inertia  loads.  Centers  of  gravity  for 
these  components  are  based  on  engine  center  of  gravity  and  pylon  span  and 
sweep  angle. 


Arrays  and  Variables  Used 


D 

PATX 

DATS 

liQU 

SIMM  (22) 

TMS 

TOT 


Constants  (refer  to  Table  11) 

Nacelle  geometry  and  design  data  (refer  to  Table  14) 

Air  induction  system,  nacelle,  and  engine  section  design 
data  (refer  to  Table  16) 

Equation  and  physical  constants  (refer  to  Table  17) 

X-CG  of  inboard  engine  mounts  relative  to  inlet  leading 
edge,  in. 

Material  properties  (refer  to  Table  23) 

Weight  surimary  data  (refer  to  Table  24) 


Arrays  and  Variables  Calculated 

IP4  Material  properties  file  record  number 

S Intermediate  calculations 

SIMM  Weight  summary  data  (refer  to  Table  20) 

WET  I TOT (S3),  weight  inboard  fittings  per  nacelle,  lb 

W1-T0  TOT (54),  weight  outboard  fittings  per  nacelle,  lb 

WT'PI  TOT  (SI) , weight  inboard  pylons  per  nacelle,  lb 

WIPO  TOT (52),  weight  outboard  pylons  per  nacelle,  lb 


Labeled  Common  Arrays 
None 
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Mass  Storage  File  Records 
Read  by  routine: 
Record  109 
Written  by  routine: 
None 


Error  Messages 
None 


SUBROUTINE  SUMARY 

General  Description 

Deck  name : SUMARY 

Entry  name : SUMARY 

Called  by:  AISMN 

Subroutines  called:  None 

This  subroutine  performs  computations  which  summarize  weight  and  balance 
data  for  the  air  induction  system,  nacelle,  and  engine  section  structure. 
These  sumnary  results  are  printed  as  shown  in  Figures  3,  4,  and  S. 

Data  provided  to  this  routine  are  for  component  details  in  the  inlet 
coordinate  system.  These  detail  data  are  combined  to  account  for  the  proper 
number  of  items,  such  as  number  of  ramps  or  nacelles,  and  to  compute  required 
balance  data  in  the  vehicle  coordinate  system.  Summary  results  are  organized 
for  transfer  to  the  labeled  common  array  FDAT  by  module  control  routine, 
AISMN. 


Arrays  and  Variables  Used 

DATR  Ramp  geometry  and  design  data  (refer  to  Table  IS) 
DATS  Air  induction  system,  nacelle,  and  engine  section 

design  data  (refer  to  Table  16) 

IVG  Inlet  type  indicator 

1 ■ fixed  duct 

2 * fixed  spike 


3 = horizontal  ramp 

4 = vertical  ramp 

5 = translating  spike 

6 = translating  and  expanding  spike 

SUNM  Weight  summary  data  (refer  to  Table  20) 

TOT  Weight  suninary  data  (refer  to  Table  24) 


Arrays  and  Variables  Calculated 

S Intermediate  calculations 

SUNM  Weight  summary  data  (refer  to  Table  20) 


Labeled  Common  Arrays 
.None 


Mass  Storage  File  Records 
None 


Error  Messages 
None 
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APPENDIX  A 

AuTOFLOW  DESCRIPHON 


Hie  Airi'OFl-OW  documentation  system  is  a series  of  software  packages  owned 
and  maintained  by  Applied  Data  Research,  Inc.  Rockwell  International  has  leased 
a software  system  for  use  in  producing  flow  charts  on  their  IBM  370  system,  The 
flow  charts  are  drawn  on  a CRT,  and  a photograph  is  taken  and  printed  on  ]japer 
by  Microfilm  Services. 

Because  the  AUTOFLOW  system  used  is  IBM-oriented,  the  function  of  the 
BUFFER  IN  and  BUFFEROUT  statements  is  not  recognized,  but  these  statements  appear 
in  proper  order  in  note  boxes.  Also,  the  PROGRAM  name  does  not  appear  on  the 
main  program,  and  library  routines  REA1JMS  and  WRITMS  are  listed  as  undefined 
external  references. 

The  AUTOFLOW  product  requested  for  this  present  document  includes  th6 
listing,  a cross-reference  list,  and  the  flow  charts. 


El  SI 1NG 

AUTOFLOW  produces  an  80-column  listing  of  all  the  cards  in  the  program. 
The  cards  are  sequenced  and  grouped  by  routine. 


CROSS- REFERENCE  LIST 


This  list  is  broken  into  two  parts.-  procedural  statements  and  nonprocedual 
statements.  The  procedural  statements  cross-reference  list  gives  the  inter- 
connections which  will  appear  on  the  flow  charts.  The  presentation  lists  the 
following  from  left  to  right: 

• The  card  identification  from  columns  73  through  80  of  this  card,  or  card 
sequence  number.  When  sequence  number  is  used  in  place  of  card  identifi- 
cation, it  is  enclosed  in  parentheses. 

• The  page  and  box  number  where  this  card  is  displayed  in  a flow  chart. 

• The  FORTRAN  statement  number  from  columns  1 through  5 of  this  card. 

• The  card  identification  from  columns  73  through  80  of  the  card  referring 
to  this  card,  or  sequence  number. 


* Ihe  page  and  box  number  where  the  card  referring  to  this  card  is  displayed 
in  a flow  chart. 
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(The  last  two  items  are  repeated  for  each  reference  until  the  list  is 
exhausted. ) 


Those  cards  which  are  not  referred  to  in  the  procedural  list  are  listed 
between  the  flow  charts.  Typical  in  the  lists  are  type  statements,  dimension 
statements,  equivalence  statements,  coimon  block  statements,  format  statements, 
and  data  statements.  This  comprises  the  nonprocedural  statements  used  in 
FORTRAN . 


FLOW  CHARTS 

The  flow  charts  produced  by  AlflOFLOK  use  l ISAS  I conventional  symbols. 

Since  the  flow  charts  are  mechanically  drawn  from  the  program  source  deck,  there 
are  no  omissions  or  vague  generalizations  aliout  the  processing  within  the  boxes. 

hvery  box  on  each  page  is  uniquely  numbered  and  may  be  referred  to  from 
elsewhere  in  the  program.  Hie  source  of  a reference  to  a box  will  be  indicated 
by  showing  the  page  and  box  numlier.  If  the  number  is  followed  by  an  asterisk, 
there  arc  multiple  references  to  this  point,  and  the  others  may  lie  found  by 
using  the  cross-reference  list. 

■I.  i* — ^ 

The  most -often -used  symlxsl  is  the  decision  box.  Like  all  boxes,  its  box 
number  is  above  and  to  the  right  of  the  box.  Its  FORTRAN  statement  numlier  is 
alxjve  and  to  the  left  of  the  box.  Hie  decision  choices  for  the  paths  are 
printed. 


ihe  unconditional  transfer  connecter  has  its  page  numlier  destination 
printe.l  above  or  to  the  left  of  the  box  numlier  destination  within  the  connecter. 
If  there  is  a FORTRAN  statement  number  at  the  destination,  it  is  printed  below 

the  connecter. 
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I lie  exit  box  example  shows  a connecter  from  page  9,  box  15. 


Hie  subroutine  call  box  includes  the  calling  sequence.  The  page  and  box 
numbers  of  the  flow  chart  of  the  called  subroutine  are  shown  on  the  left-hand 
side  of  the  box.  The  page  number  is  above  the  box  number. 


i— - * 


» 

/ 

caw 

i!  •rn.iu.i. 

0 

NSr  li  .M  M ft) 

1 

f 1 If  *. 

hMAl 

The  note  box  encloses  comments  of  a functional  nature, 


Wi#IN  00  tOUP 
i • i.  m 


as  different  i at  id  from  the  _’l  column  comments,  which  arc  left  justified  without 
a box,  that  show  the  comment  cards  included  in  the  l'OKTRAX  deck. 
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I he  process  box  is  used  to  enclose  l'<  M'lltAN  arithmetic  statements. 


i 

C • t • l 
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Input  ;uid  output  arc  shown  as  communicating  with  a device, 
follows,  if  appropriate: 


The  list  used 


Hie  computed  tV'  T0  becomes  a branch  table  showing  the  page  and  box  number 
of  each  of  the  ordered  brances. 


I _ •» 

rCBfVTO)  00  10  ] 
ran  ico 
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M m 
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M II 

The  column  connecters  and  initial  connecters  are  the  only  boxes  without 
external  box  numbers.  The  function  of  the  initial  connecter  is  always  clear, 
but  the  label  given  is  the  symbol  in  the  next  FORTRAN  card,  which  is  often 
blank. 


L j 17  / « 7 


The  column  connecter  identifies  the  page  and  box  number  to  which  it 
connects . 


290 


TABLE  OF  CONTENTS 
FOR 

AUTOFLOW  CHART  SET 


291 


u/«|/*  T«|  v OMDffl  «•  VOKKCI  Mt !Vl»  Otfftf  MT  • MV 

ova  » PMC/m  m«  gppot  im«  vftMi  m.  *•  Pm/m i 


rviMi  wauK  aim  imuctim  mum  mu 


owt  titii  - ummxwn  co mm 


Otfftl  niu  - 


• R 

Itlf 

l(MN> 

f.M 

(MtMOl 

f.M 

MtMt* 

f.M 

(MMtll 

f.M 

MMtll 

f.M 

M 

MMMi 

f.M 

Vt 

RNVll 

f.ll 

MM 

•Ml  III 

f.fl 

MM 

IMMU) 

fit 

MUM* 

f.M 

M 

•Mill* 

f.M 

M 

(Ml  If  ll 

f.fl 

MtlMl 

I.M 

m 

MVlMi 

I.M 

IM 

(MtlMl 

I.M 

(MtlMl 

I.M 

•MIM* 

I.M 

III 

MtlMl 

1.11 

ICMIM* 

S.M 

•MIM* 

1.19 

IM 

•MIM* 

l.ll 

IMVIM* 

9.  IV 

MtIVII 

V.tl 

MO 

IMIIMI 

9.M 

(•MIM) 

I.M 

MOIVfi 

V.M 

MO 

(•MIM) 

1.19 

(MtlMl 

I.IV 

MCI*»> 

V.M 

110 

•MIM* 

V.M 

MO 

IMVIM) 

V.09 

MtlVTl 

V.fT 

rm 

MOlVtl 

V.M 

Vtt 

(MtlMl 

V.M 

•MUM 

V.M 

It  It 

(MtlMl 

ItT 

•MIM* 

V.M 

IMO 

(MtlMl 

V.IV 

(MtlMl 

V.IV 

ova?  riTii  * Mi  awbcpuml  rAircxrv 


mm  nni  • imvooucforr  cavort 


tim 


imoi*i 


*mmiu 

immmi 


i«nn 


t.t» 

term 

0 M 

• a 

It 

t.M 

If 

• M 

It 

t.M 

t.M 

M 

t.M 

M 

t.M 

M 

•-*• 

M 

Mil 

M 

t.M 

M 

t.M 

IM 

0.M 

•M 

t.M 

IM 

t.M 

Mt 

t.M 

IMO 

t.ll 

IM 

•.II 

III 

•.IV 

IM 

•.M 

IIV 

• M 

IM 

t.M 

Mt 

It.tl 

Mt 

MM 

Mt 

M.M 

Mt 

It.M 

III 

M.M 

MV 

M.M 

M.M 

m 

M.M 

Mt 

M.ll 

Ml 

M.M 

IM 

MM 

tM 

immmi  m.m+ 

IMRII  • Ct 

iHiiw  • a 
IMRII  • It 

IMMIM  tM 

iMMi  MT 


• M 

•.•V 


• I f 

•.IV 

•.II 

•.M 


IMMIt)  t.il 


•MMtll 


IV. M 
IV.M 

im 


f.M 

II. M 


tNMMl  It.  II 
<INMII  II. M 


II. M 


II.R 


292 


omi  rifu  * iMmooucfoit  ancwi 


acmi 

H.W 

ou# 

iMtlfli 

Mt*#> 

It.M 

(Mtati 

it  it 

MiSM) 

i%.a 

ii 

(Mtaii 

ii.a 

IN»i 

it.ii 

N 

(Man 

ii.a 

Mtati 

It.M 

M 

iMuai 

ii.ii 

mat 

it.  a 

n 

•Man 

ii.it 

M 

iwai 

II. M 

NNMi 

ii.ii 

a 

(Muai 

it.ii 

Mtati 

ii.a 

a 

(MM) 

ii.ii 

Mmn 

it.a 

a 

•MYTH 

ii.it 

M 

IMMMI 

ii.ii 

•Mia* 

ii.it 

M 

MUR) 

ii.ii 

M 

iMtai* 

it.it 

•Mao 

it.ii 

a 

•mm 

nit 

M 

iMOil) 

ii.it 

MK Mi 

ii.it 

Mi 

iMtirn 

it.M 

mmiii 

ii.ii 

IMMM> 

it.ii 

M*M> 

it.ii 

fit 

M*M> 

it.a 

Ml 

MCNDl 

it.ii 

Ml 

(MMMl 

It.M 

otmr  tiiu  - mu  wore-  <vc  vrAfoon 


OMIT  TIVU  - MWTIIC 


immti  m m i» 

l«Uli  Ml* 

(Mai"  a ii  Mi 


Mil  M r Hi 
■ii  ft  *i  Mi 

Mil  ii.a 
mu  ti.a 
Mil  ii.a 

Mil  il.li  M 
•Ml  fl  II  Mi 
m ii.ii  Mi 
tai  ii.a 
Mil  ti  w 


CNMT  TIM  - IWWiauCTMV  I 


293 


•/to f\jm  o vm  «f  - 


imrtu 


IHWI  IH.lt 


OV*l  rilU  - MKVT|«  OUC T» 


MOTT*  I n ot  <M 


M0t1?t  » n M 


B».ll  IM 

nit 


294 


N't** 


urn  it 

**4* 

iMOtli 

nit 

l* 

l***i 

a.  it 

III 

lt**T) 

n.tt 

lit 

l«**i 

a.  it 

lit 

<«**!> 

a.ti 

I* 

».« 

1* 

«***( 

Ml 

1* 

!«**) 

*.* 

IN 

(«*!•) 

*.« 

1* 

(«*n> 

HIT 

I* 

i«»it) 

*.« 

1* 

«*niti 

*.« 

at 

f*a*i) 

9i.lt 

t* 

tmi  m cwum  mm  «mp cm 


<***>  a n 
<***>  n n 


mnrnirn  omt  «f  - mv 


inmmi  n.tt 


laaai  a. a 

it***  *.* 
laain  a. it 


[ a.  mm  *m.m hi 


mi  s i.  “ * 


mn  a.M 


9.  IT 


r niu  • 


f TIM  - II 


OMR  TIM  - MN&/TIIC  OtC LA 

mi  tr.ti 
an  tr.a 


it.* 

IT.* 
• IT. II 
•i  n.it 
•i  tr.it 

■I  it. it 

■I  IT.lt 
•t  it.* 
l*  r.n 


mi  it.* 

19*9*  > IT. IT 


1*1*11  IT* 
niMii  n.» 


a.ti 
i«i tit)  a.* 
10  Ml  a.* 
>«i*n  *.« 

i«i«n  a. ii 


•i  *t»  a 

i tim  - 


mu 

nttati 

M.*-l 

it 

<***) 

it.* 

w 

(MOTS) 

IT* 

« 

ittttM) 

IT.lt 

* 

(MM*) 

9T.lt 

a 

.***) 

n.* 

it 

<***) 

»T.«t 

* 

(MINI) 

9T.tr 

i«ltlt) 

a.ti 

1 1 

i«itn» 

IT* 

at 

(Mint) 

*.« 

*t 

« 

«*i*n 

a.n 

* 

kjnmiii 

i«t«t) 

HMMMM 

a.  it 

' TIM  « 


i*i*n 

ti.n 

ram 

(9*091 

M.t*' 

1*1*9) 

n .« 

• 

1*1*1) 

ti.tr 

9 

(Mian 

tt.« 

t 

1*1*91 

tl.* 

<«l*t) 

ti.« 

(*1*1) 

tl.1t 

(MINI) 

ti.it 

9 

1*11*1 

ti.it 

1* 

(MINI) 

tl.* 

1*1*11 

tl.ll 

I* 

1*1*9) 

tl.lt 

1* 

1*11*) 

tl.M 

I* 

(MINT) 

tl.M 

1*11*1 

tl.lt 

its 

19*1*) 

Till 

1* 

IMIIM) 

tl.IT 

1*11  IT) 

tl.99 

(«tl») 

tl.* 

iwitai 

t|.* 

1* 

ittn*) 

tl.* 

9* 

(9*9*1 

tl.lt 

19*1*1 

ti.tr 

9* 

ion*) 

*.* 

9* 

i«ii*i 

tt.n 

(Ml  1*1 

tt.* 

IMIWTI  Dl.tT 


tl.lt  1*1 1*1  tl.W 


295 


i 

i 


I 

1 

Vi 


m 


V 

l 

I 


W***"**: 


tali  w cm 

rtMTt  me  mnm ett 

A/TWljM  OMff  «f 

- Mtt 

UB  10 

i 

I 

I 

WOMX»  IHMU 

m m.  me  *mm* 

(Mil  Mi 

Mt.M 

Ml 

twrini 

Mt.M 

M 

ittiitfi 

Ml.W 

ittiitti  Mi.at 

IHIMi 

MM 

IttltMtl 

Mt.tt 

INIMI 

MIW 

Mtl 

l«l  1*81 

Mt.lt 

Ittlltll 

Mt.lS 

iMIltli 

Mt.lS 

Mtt 

IWIIWI 

Mt.lt 

1 

i 

Ml.lt 

INIIITI 

Mt.lt 

M«S 

iHtlM) 

Mt.lt 

IMI  IMI 

Mt.tl 

<Mlltf  i 

Mt.tl 

ttt 

otmn  tins  - <01  wocmm.  ciAfocm 

CMUT  Tim  - tWTNOOUCTONT  OOHNMTt 


tMWT  Tim  - tUM/TIlC  MTV/ 1 


<ttnti> 

Mt.tl 

mmi 

(WIMWI 

M.IM-I 

Mil  to 

Mt.tl 

tw 

ittntti 

Mt.M 

(Ml  IMI 

Mt.tl 

ittl Itsi 

Mt.tl 

itt 

Ittltwi 

Mt.M 

IW 

ittntti 

MB.  W 

IWIIWI 

Mt.M 

ittntti 

Mt.w 

its 

ittntti 

Mt.M 

SI 

ittittn 

Mt.W 

M 

ittittti 

Mt.lt 

IW 

IWIIWI 

Mt.tr 

ittntti 

Mt.ll 

iwitm 

Mt.lM 

ittttiti 

Mt.lS 

117 

itti  tin 

Mt.lM 

lit 

ittttiti 

Mt.lt 

IW 

IWltttl 

Mt.lt 

ittititi 

Mt.M 

IW 

iwitltl 

Mill 

ittittn 

MtW 

IWIMti 

Mt.M 

imiiwi 

Mt.tt 

Itt 

iwimii 

Mt.M 

IWIMti 

Mt.M 

INIMI 

Mt.w 

IW 

tttitni 

Mt.ll 

IM 

iwitwi 

Mt.M 

ittititi 

Mt.M 

117 

iwitwi 

Mt.lt 

IttltMII 

Mt.M 

III 

IttltMtl 

Mt.17 

IM 

IMIMll 

Mt.M 

IMIWMl 

Mt.M 

in 

iMlWfl 

Mt.Mt 

tw 

IMIWSI 

Mt.M 

iMtWTl 

Mt.MI 

IM 

IttltMtl 

Mt.Ml 

IM 

IMIMll 

Mt.Mt 

IMIltli 

Mt.tl 

IMt 

ittimi 

Mt.tl 

IWIIWI 

Mt.W 

ittittti 

Mt.lM 

IMI 

IttltWi 

Mt.M 

IMt 

IWIMti 

Mt.tl 

IWIMti 

Mt.17 

IMS 

INIMI 

Mt.M 

IWIIWI 

Mt.M 

iwirni 

MtW 

IMM 

iWltttl 

Mt.ll 

IMt 

IWIMti 

Mt.lM 

l Ml  Mil 

Mt.lt 

iwittn 

Mtlt 

IMt 

IWltttl 

Mt.17 

IM7 

IWIMti 

Mt.lt 

IMt 

IWIMti 

Mt.lt 

IMt 

IWIW7I 

Mt.17 

IWIIWI 

Mt.tt 

Itt 

IMIMll 

Mt.lt 

IWIIWI 

Mt.M 

III 

IMISMl 

Mt.W 

IMIMll 

Mt.tt 

IMIMll 

Mt.M 

IW 

IWIMti 

Mt.tl 

111 

iMIWtl 

Mt.tl 

IMlllll 

Mt.fT 

ttt 

OMIT  Tim  - IMMBUeiWV  CMMI 


own  Tim  - maniriia  mm 

iWillti  Mt.ll  MAM  IMIMttt  W.IIHI 


296 


w».«*WWWfl.3R 


+v 

| 


MMMM 

nw  9 tmwr%  me  m 

nwa 

U»  M 

i 

1 

! 

(•IMi 

M.M 

m 

(Minn 

Hi.M 

IMIMI 

Ht.M 

a 

iMimi 

Ht.il 

i«tMi 

Hi.M 

Hi 

(MISMi 

Hi.#l 

(CtlSll 

MM 

IN 

(MlMTi 

on 

(MIIM> 

Ml* 

••t 

(Mini) 

Hi.lH 

IM 

(MIST)  l 

Hi.M 

Ml 

iitiaii 

Hi.M 

M) 

•aiani 

Hi.M 

i 

1 

«*.M 

miMi 

Hi.M 

» 

i«ian 

HtM 

m 

IMIMI 

M.M 

IMMI 

Hi.M 

iMlMtt 

Mil 

MT 

(Ml  Mil 

Hi.M 

IM 

MMT  Tim  - MM 

L ITAIMMt 

•IMT  Tim  - ItfTWDUCTMT 

fioom 

omit  Tim  - ftoounic  i 

CMILI 

«WlftiCWIf«t  * 


iWMi  nt.M 


mm  • 


IMIMI 

M.M 

(CMILI 

< M*IM> 

l.MHI 

«MI%M> 

MM 

IMIMTI 

M.lf 

(MlHMl 

• « 

(MlHMl 

M.M 

(MlHHit 

M.M 

M 

IMIMI 

M.tT 

(MIHHll 

M.M 

IMIMII 

M.M 

M 

(MlHMl 

M.M 

(MIHHil 

tt.M 

M 

(MlHHTt 

M.M 

(MIHHil 

M.ll 

IMIM9I 

M.ll 

M 

(MlHMl 

M.lt 

a 

(MlHMl 

M.M 

IMIMI 

M.M 

IM 

(MtHHHI 

M.tT 

(MlHMl 

M.M 

(MlHMl 

M.ll 

(MlHMl 

M.M 

(MlHMl 

M.M 

M.M 

Hi 

(MlHtTI 

M.M 

M 

(MlHMl 

M.IT 

(MlHMl 

M.M 

M 

(MlHMl 

M.M 

M 

(MlHMl 

MM 

(MlHMl 

M.M 

M 

(MlHMl 

M.M 

(MlHMl 

M.M 

a 

IMIHCTI 

M.M 

(MlHMl 

M.M 

IM 

(MlHMl 

M.M 

(MlHMl 

M.M 

111 

(MlHMl 

M.M 

IIH 

(MlHMl 

M.M 

(MlHMl 

M.M 

IM 

(MlHMl 

M.M 

(MlHMl 

M.ll 

IM 

(MlHMl 

M.IH 

MT 

(MlHMl 

M.M 

(MlHMl 

M.M 

IM 

(MlHMl 

m.«i 

(MlHMl 

M.M 

(MlHMl 

M.M 

(MlHMl 

M.M 

Ml 

(MlHMl 

M.M 

m 

(MNIl 

M.M 

m 

MMHMl 

M.M 

MM 

(MlHMl 

M.M 

Ml 

'.sis; 

IS 

(Mr.MI 

M.M 

Mi 

(MIHHM 

M.ll 

(MIMM 

M.M 

111 

(Mlflfft 

M.M 

(MlMfl 

M.lt 

(MlMfl 

M.ll 

Ml 

(MIMII 

M.lt 

ai 

(MlMtl 

M.M 

(MlMTt 

MIT 

HM 

»»  VI 


fiu< 


TIM  « 


tihi  - 


M f)l« 


tr.M  *MM 
fT.M  M 

•t.m  m 

Wt.U  l« 


IMMI  MH 

imimm  wf.m 


297 


j 

i 

\ 


% 


% 

i 

,* 

| 

.:* 

v| 

4 


9 


V, 


I 


TMki  m cxtpiri  mm  mnmmn 

MWLAM  OMIT  Ml 

• fO 

CMD  ID 

PtOL/VM  N*C 

flWMI  IMUfCC  ABM 

m m 

(MIAMI 

•t.  at 

am 

(Ml  ft]  1 

tt.M 

immm» 

ff.o 

m 

imiami 

im 

SM 

•aaiftfi 

ft.  ft 

(•man 

ft.  it 

an 

IMIftii 

ff.M 

(MIAMI 

tt.  n 

SM 

(MIAMI 

ft.  IS 

AM 

i 

s 

ft.M 

(MIMII  ft. If 

(MIAMI 

ft.w 

AM 

iffiftai 

17.11 

imiami 

ft.  If 

fM 

iflflfMl 

ft.  IS 

(MIAMI 

ff.fl 

fff 

(Miff  11 

•t.lf 

(MIAMI 

m.o 

fM 

(MlDMi 

ff.fi 

Mi 

iMlfMl 

M.M 

(Miion 

fa.fi 

Ml 

(MIAOU 

M.ft 

iMIMfl 

ff.it 

Mi 

(MIA*) 

ff.lf 

f*A 

IMIMI ) 

M.M 

(MIMS) 

ff.if 

AM 

IMIMfl 

M.IA 

(MIAMI 

ff.lf 

Mt 

(MIAMI 

ff.lf 

If 

IMlfMl 

MIA 

(MIAMI 

ff.ff 

AM 

IMIMI  > 

ff.lf 

IMIMfl  M.IA 

CKKTT  TI1U  - Wl  HBCC1M  fTMDCKTt 


t 


OtffTT  Tint 


CMIfT  TIM  - M 

HOUT  lie  N 

MU 

(MIMII 

fl.fl 

mail 

IfMIAAl  A.M-S 

(MIMII 

tl.flt 

IMIMfl  fl.O 

(MlMli 

fl.M 

IMIMfl  O.M 

(Ml  tit) 

fl.lt 

if 

(MUM) 

fl.lS 

it 

IMIMfl  fl.tt 

(Ml  till 

M.fl 

M 

•ffltfti  fl.lf 

iMltilt 

m.m 

M 

Mfltlll  M.fl 

•Ml  tit) 

ti.ti 

M 

IfMtlll  M.fl 

(Mltlfll 

«S.ff 

a 

MMTlfl  fl.lS 

(Ml  till 

M.M 

(Ml  MAI 

M.M 

M 

(MIAMI 

fS.ff 

Ai 

IMIMfl  O.fS 

•MIIHl 

fs.aa 

IO 

■MltMl  ft. II 

(MIMII 

fS.M 

IMltilt 

on 

MMtMl  O.lt 

(MltMi 

O.lt 

Ilf 

(Mltfit 

O.IS 

IO 

(MltMl 

O.IA 

Mfltftl  M.M 

IMltJt) 

O.lf 

IM 

IMlfMl  O.IA 

(MltMl 

M.M 

l» 

(MltMl 

O.lt 

m 

IMIMfl 

O.lf 

i»t 

(MIMA) 

M.W 

IAA 

•Olflfl  O.lt 

IMIMfl 

O.fl 

IAI 

MMMtl  O.M 

IMIMfl 

0.0 

IA« 

IMIMfl 

M.fl 

IAA 

IMIMfl  O.fl 

(MIMII 

M.O 

lAf 

(MltMl 

M.M 

Iff 

•MltMl  M.M 

(MltMl 

M.O 

nt 

(MltMl 

M.M 

M 

MMtMl  M.M 

(MltMl 

M.fl 

IM 

MMtMl  M.IA 

(MIMS) 

M.M 

Of 

IMIMI  l M.tf 

IMIMfl 

M.M 

(MltMl 

M.O 

ttf 

(MltMl 

0.0 

til 

IMIMfl 

M.M 

tit 

IMIMfl  M.M 

(MltMl 

O.lf 

MMttll  O.M 

IMITTJl 

M.ll 

Of 

MM  MSI  M.M 

(MltMl 

O.lt 

MB 

(MltMl 

O.IS 

m 

(MltMl 

M.n 

m 

(fflTMl 

a.» 

(MIMA) 

M.IY 

Z 

MMMfl  M.M 

(MltMl 

M.fl 

am 

MM  Mil  M.M 

IMIMfl 

0.0 

Of 

MMtMl  M.lt 

IMIMfl 

m.m 

Mf 

MMtMl  O.M 

IMIMfl 

M.M 

IMIMM 

m.m 

Mf 

MMMM  M.M 

(AfltTSI 

M.ll 

(MIMS) 

m.m 

MMfttl  M.IS 

INIflfl 

M.ia 

SM 

imimsi  m.m 


298 


MB 1 V CBBMT*  MB  a 


•/wnaa  bmm  ki  • i 


in  m *mn 


MB  • 


IMWIB  M.M 
•I  M.M 


r Tint  • 


OMIT  TIM  - IIIWMMTMI  CMIOffl 


•MIT  TIIU  - BBNUTMB 


IMIMII 

M.ll  MUM 

IMMMI 

•I.M 

imiimi 

M.M  II 

iMivm 

M.ll 

IMIMII 

IMIMII 

M.M 
M.M  It 

IMMMI 

M.M 

IMIMII 

M.M  II 

IMMMI 

M.M 

IMIMII 

M.M  M 

•MM7M 

M.ll 

IMIMII 

M.M 

IMIMII 

11  Ml 

IMIMTl 

M.M  M 

IMIMII 

M.IT 

IMIMII 

IMIMII 

M.M  M 

m.ii  m 

IMIMM 

M.M 

(MlMTl 

M.ll  M 

IMIMII 

M.M 

IMIMII 

M.ll  M 

IMIMM 

M.M 

IMIMII 

IMIMII 

M.M  IM 
M.M  III 

IMIMII 

M.IT 

iMIVIIt 

IMIMII 

M.M  IM 
M.M  IM 

IMMMI 

M.M 

IMlIITt 

M.M  I Ml 

IMMMI 

M.M 

IMIMII 

IMIM»I 

M.ll  III 
M.ll  III 

IMIMII 

M.IT 

IMIMII 

IMIMII 

M.M  lit 
M.M  IM 

IMIMII 

M.ll 

IMIMTl 

IMIMII 

M.M  IM 
M.M  IM 

IMIMII 

M.M 

IMIMII 

M.tl  Ml 

IMIMM 

M.ll 

IMIMII 

IMIMII 

m.ii  m 

M.M  til 

IMIMII 

M.M 

IMIMM 

m.m  m 

IMIMM 

Tl.M 

IMIMII 

M.M  m 

IMIMII 

M.M 

IMIMII 

IMIMII 

M.M 
M.IT  M 

IMIMII 

Tl.fT 

IMIMII  M.  II 


71.® 


OMIT  TIM  - I 


•MIT  TIM  - MINBC7MT  CBKMTf 


OMIT  TIM  - I 


■MIUMI  I.MH 
IMMITI  ft.  IS 


ft.M 

ft.M 


* I® 
V>J1 
ft.M 


»>  ft.IT 


CNflff  TITLE  • IM 

own  tiiu  - MmenxTMr  i 

MOTT. 

MOT  TIIU  • M 

MUTME  * 

IM 

•MMMl  TT.fl 

MM 

MMMTI  ..(ft® 

IMMMI  TT.M 

II 

IMMMI  TT.M 

IMMBl  TT.M 

m 

■299 


* 

j 

? 

I 


TIM  • I 


•mtt  tiiu  • umm ucwrr  mmn 
•MW  Tliu  . MMBUTNC  Mfl 


tflfltltT) 


Iflfltllll 

tmmyy 


IMMTI 


fll.fll 

Mm 

fll.M 

•Ml 

M.M 

fll.fll 

M 

•I.M 

fllfl 

fll.M 

a 

•l.lfl 

•ii 

flt.lt 

M 

M.lt 

fllfl 

M.IS 

M 

M.lt 

Ml 

M.M 

M 

M.M 

Mfl 

M.M 

Wf 

M.M 

M 

M.M 

M 

M.M 

M 

M.M 

IM 

M.lfl 

•Mi 

M.lt 

M.M 

Ml 

M.lfl 

AM 

M.M 

Ml 

M.M 

IM 

M.M 

tM 

M.M 

Mfl 

M.M 

m 

M.M 

m 

M.M 

tM 

M.flt 

•M 

M.ll 

am 

M.M 

m 

M.r 

m 

M.M 

m 

M.M 

•it 

M.flt 

Mt 

M.ll 

•M 

M.lfl 

Mfl 

M.M 

Mfl 

M.M 

Mfl 

M.M 

Mfl 

M.M 

Ml 

M.M 

Mfl 

M.M 

Mfl 

iamim*  t.m-% 


mi  m.m 

IMMI  M.M 

•I  tl.M 

M.ll 


M.IS 

’ fi-.t  \m\  &-.I 

1 g.g  IflMMTt  M.lfl 


ft:IS 

m.m  tmmm  ti.it 


•.is 

t.M 


ti  flt.it 

fl>  fli.ti 


ii 

(AMI  fli.flfl 

iflflflfm  it.fls 


58BJ5  8-.S  IfflU!  *JI  SBS1  fi:R  '.KB  6.8 


fflMMl)  flfl.flfl 
ttmm  fli.ii 
IMMI  flfl.ll 
IflflMMI  fll.fll 
INfltl  fli.ll 

IflflflOfl)  lfl.ll 

(•»«!  fli.ll 


Ml.lt 


IflflMMtl  M.M 

fl.ll 


IflflMMfll  flfl.flfl  m IflflMI  flfl.lt 

IflMPifll  flfl.fll  Mfl  IflflMfll  M.ll 

MflMflll  M.M  AM  iflMfll  M.ll 


300 


4/TflTkW  OttT  KT  ■ 


**»  a. a tit 


»*  tv. ft  at 

•i  r.n  n 

•»  tr.it  tat 

t»  tr.ir  tit 

it  tt.ti  at 


r>  a.tt  %tt 

in  ti.it  «tt 

•t  M.tl  MO 

«i  to.tr  tttt 


w fc.u 


iimii  a.  a iMtrti  a.n  iHMti 


itmti  t».it  iNM»  a t 


iNMl 


iaam  tr.a  naan  tr.a  itairi  a n 


wan  a. a 


itatai  a.a-i 


iaam  a. a laaim 


itaati  a.tr 


itatni  a.  is 


at  taaai  a.tr 


iaaw  a.tr 


itaaa  a.  it  iaam  a.  it 


itaan  a.n  iaam  air 


301 


mmnm  mm  «v  - mv 


M.M 

IM 

isasMn 

M.M 

St.M 

IM 

ISSSBMI 

MM 

ft.M 

Itl 

IMMMI 

St.M 

•to 

IM 

St.M 

SM 

iSMBBtl 

M.M 

St.M 

Mi 

ISSSBMI 

M.M 

St.M 

(MSBMi 

•Ml 

•VII 

SM 

it.  II 

Mil 

r.M 

SMB 

ISMStti 

•t.lt 

' VIM  * 


f VIM  - 


r VIM  - 
Ml  lM.il 


>1  IM.M  IM 

M »*.it  M 


VIM 


’ TIM  - M 

MMlti  ICS. 91 

IMM 


IM  It 


II  IM  M M 
IM.M  » 
IM.II  M 
iM.it  n 
IM.M 
lM.lt 
IM.M  IS 
IM.M  M 
IM.M 
IM.M  M 
IM.M  IM 
IM.M  lit 
IM.M  Mi 
IM.II 
IM.II  tit 
IM.M  tit 
IM.lt  m 
IM.M  MS 
iM.ti  m 
IM.M  «t 


lM.tt  Sit 
IM.M  Ml 


l MSI  IM.M 

ISMIMl  IM.M 
f SMI  Ml  IM.M 
MtMMi  IM.M 
MSSlIti  IM.M 
IM.M 


ISMIMl  9.MHI 
IMBSWiI  IM.M  l« 


S.M  «• 
I IM.M  ISI 
i MS.  IS 


ISSSMSI  IM.II 


ISMIMl  IM.M 


•M.M 


UMt  IM.ST 


MS.* 


IM.M 


MM  II 


302 


t«i  m —to  m moot  «itwn  omr  mv  • oco 
C—  * *— i MM  PWPCn  (toutt  CUM  M.  «0  MMNI 


OMR  IHU  - »Ml  MWWk  irtftMt 

omr  fiiu  - on— uciqr  com— 


OMR  fliu  • —TIM 


•MtTU 


II 


IMII 

M 

lM.lt 

mm 

IM.M 

it 

IMM 

M 

111.11 

M 

HIM 

M 

iii.li 

« 

in.ti 

if 

lit.— 

IN 

him 

III 

iif.ii 

it« 

Ilf -M 

lift 

llf.il 

IM 

Ilf.M 

IM 

iii.li 

IM 

IU.M 

•II 

HIM 

— 

•II  IMM 
mi  «.n*i 


II  110.01 
II  110.01 

II  IMII 
I HI  M 
I III  -M 

» in  n 

ii  i it. ai 

i nt.n 

i nt.n 


(0— Mi  IMM 


•I  lll.lt 


OMR  II1U  - Ml  —MU t ffAlCMDRV 


NO  If 


303 


I 


304 


Reproduced  from 
best  available  copy. 


PROGRAM  FLOW  CHARTS 
OF 

AIR  INDUCTION  SYSTBI  MODULE 


305 


1 

I 


fIM  * I 


tmmt  «t  • 


HlllfMCIIIIIIIiaCllf  lllll(l«CIIIIIIIMilllllllMM(IHIIIIMIII<llll 


m 


pm 


306 


31 


31 


tt/a** 


on*t  vita 


ItAfUCMt 


mmmm  »mn  .1  n— » jt<wn  .mmi 


MMI«  OAfK'Hi 
OIMMtM  MVllM» 

MIMIM  •MMIMi  Mm* 

>IXW1X  BOM" ID 

Mutuum  couitn.MNin 

WimM  co<i  i.icbm  iii.itiii  .vcBMMiiii.tKM  > .tcvmniii  >>. 

naiiMVHMiiM 

n»l%MLOCZ  (OiMliJftfVdll 

Mutuum  cdnii  i jmivi id a MtDi 1 «8Ri id 

UUIUUICC  (OttVli^AIvni) 

Mutuum  lotrm^dii 
UUIUUm  (Tlltll.tWCII) 

Mutuum  oimn.imnMiiiftjwin 

OUIUUMCX  (W<MIJMD 
HUIUUKX  MMMi  J*0K> 

Mutuum  <«<iii.iriMM<iD.iri).iM<M>.in>.<M«o»i.ir%> 

MUIUUKS  UCMIllMWl.fiettlfMMl 

Mutuum  omiiimmu 
m rmuroMit 

IMI  r—MimtJM.W  AIM*  - IPHtt  ~/MK4  I/1M.0AID 
im  rvnui  i m.  mx.  ntui  ticucftw  tvtioi  mia/> 

IMI  MltflW.IIIUW  *■  MUB,  IM.  Pl.t  / 

Ml.  Him  MTU.  «.  fli  t / 

VTR.9iMtt.<rtlO  DUCT  f.<l*D  fMl  / 

M.WtlOT  TWf  IS.UMII.  MM  MM  I.  IM.  Pl.t  / 

f».MNl.«fMML.9l«  I.OM.rtCI  / 
m.Mrrun  mam  iuxt.  t».  ni.a  / 

IM.MMMM  or  HUH  Mil  Ml  ttMtOI.  IV.  Pl.t  / 

ion. mm  ittTAm  r Mon  nm  u.  icm.ch  lii.  im.  ru.ar 

IM.I1IUMJ  or  MIMS.  TV.  PI.  I / 

Ml.  1101  MM  PM  MIK.  IM.  ril.l  / 

IM.IMCIMO  PM  MM,  IM.  rtl.l  / 

IM.MUMIM  9 MM.  IM.  rtl.l  / 

IM.MMHC1M  V MM.  IM.  ril.l  / 

M.PMM  C.O..  IlfT/m  ATT  V MCK.  IM.  ril.l  t 
MJM t O COM.  M IIP.  Ml  I.  IM.  rtl.l  / 
i«jxr  or  omuc  rm.  kt  i.  im.  ru.i  / 
mjm  it  mm  rm.  mi  i.  im.  rn.i  / 

MJM  tf  Mi  M tv.  «T  I,  IM.  rtl.l  i 
i «jm  or  mm  rm.  vt «.  im.  ru.i  / 
hum  or  mm  rm.  mi  «.  im.  ru.i  > 

I Mi  fOHUri  im.  MMM  MM  9 MM,  IM.  ril.l  / 

IM.  MWMOIM  TM  fO.-MTT,  I.UMID  10-PUN.  TM.  ft.  I ' 
m,  MUM  OHM  M HOMO  MM.  IM.  rtl.l  / 

IM.  IMM  O MM  PCM.  IM.  rill  / 

im.  imomm  on  m ouvmoh  pum.  m.  ru.i  / 

IM.  HOM  M MM  P*M.  IM.  rtl.l  / 

•M.  MMLM  1MOMEM  M OCM  OAT  10.  IM.  ril.l  / 

Ml.  iMMMIUMV  HUT  MU  Ml  MMHIf  M AM  4MIOK. 

«m.  ru.i  / 

Ml.  %MUCT  MNH  MCA  PM  INCH  If  M AM  MUCU.tM.  Pll.l  I 
IM?  PMMff  m.  DHAKA  M OltOLUKOUi  MOM,  IM.  Pll.l  / 

IM.  tlHMMO  MCOMI.M.I.MKO<Ot  I.HMM  MCAI. 
IM.  Pll.l  / 


310 


wr 

}T 


IMim  MWM  OMTT  «t  - MV  AM  HOUCTION  tUTf*  HBOUU  MC  «t 

CMMT  TIH1  - WWMM  MOW 


(IIIIIIIKIIflllHimiMlltflMHHIIMHMIlMmniKtmmiMUII 


i»iii)»»i»ii»iiimii»ii»iiitit»i»»ii»im»iiimiimmmmimm 


312 


•S/M/* 


mm  Tim  • umcuum  ae m» 


314 


fllU  - l 


mux  mm  in  « 10 


AM  IMuef  iw  mix  mux 


Ml  IXIII  JU*Mi  JW  Ml 

* Ml 

■ II.MXMlIl.fTUl.MXlMmill.MClII.VCMM^ItMl. 

IIJtfXIH 

I Iflll.KIII 

i (VMni^flmiiMTMttijamiiijTtinijMMM. 

M 1 1 1 . «f  MM  • JL*  1 1 M VMM  • Jtm  1 1 1 

ifitn  • Mm » » i.ivmm  • jb*  i •• 

: MtlMI.II.MMWM 
; Mimi.l0l,MI|||ilKI,Millll4l 


KKTim.  nt.  n rncimm*  m mmm  tr.,  cmctnn  m 

n.i  I 


MAC  If 


317 


IMP  «t  - 


AM  MUCTMl  MW  NWU  M«  If 


f fl«* 


IMIllllKIIIIIIIIKHimilMIIIIIIHIIUIMmiMMIIMHIimcmil 


318 


322 


> 


> 


: 4 


323 


ow* 


wm  it 


(Mm  fiiu  - MrtWDuctoK  tmmttt 


MKiimiiimiiiimiiiiHiiiimiHiimimiiHiiiiiiiiimiimii 


324 


vvv** 


326 


i*T 


aim  —cf  i—  ititw  ’ 


i -a—  .t—  jet  im  — 

m tiiMi 

i 


I FT— HUB. 

f— t—. 

— IH. 

nutu-. 

—KIH . —MUK. 

Ml—. 

ft.lt- 

1 

Mill—.  Ml—. 

Mil—. 
—1  — 

M— , 

—HI—. 

lock  Mui.wmi.iviii.wiiiiiMiem.wmiiiM, 

■no  —i.  — «>  j-. 

m».  — •.  mmjmi. 

jm,  mnjm. 

m i.  «-*>—.  -mum. 

mu.  — jn— 

KM  — I— in.  •(MI.MIOUH. 

mu.  mim 

mmm  rv<i».  mn,  tft—i.u— 1>» 

. IKI7)/CTI, 

■mp.  c—fi).  (i, 

'M».  •*■»/«», 

— — *1. 

>J«.  — If— .TM—. 

i.vMn.  — mat.KMi, 

•Ml.  Mu—.  — .—9T>, 


-WM  KM— DAJPflll.  KM— 9IUDHIII. 

KM— t—I.Wtlll.  KM—  !•«>•— Ill 
■wmoa  iTutiMoviii>.m7ii>.raMiii,(TiiBii^wriii> 


— 1 

If— IJ-IU. 

If—  I.MIIII. 

IT—  t.— Mill. 

IfWTlI,— Hill, 

IT— ) .Mill  III 

ItHKIMdH. 

If— 1 Aft  III. 

lft9l|I.FCTMIIII 

iiftttjauiM. 

IT— IMMHIII. 

Ifl— IIMM.IIII 

IT— ISIUHIII. 

1— tl.TIU.ll)>. 

If —I —III. 

If— 1 AH  II. 

ITITI-M- 

If  1—4 II— 1 III 

ITI— I.1MMIII. 

If  11—11  .fccilll 

— mm « 

— 1-1.  II. 

— . 'll. 

— I— 1.  HI. 

—Il«l.  —1, 

—1191.  -1 

—Of 

— .MM) 

«/«/*  AUVUN  OMTT  *T  - MV  AIR  IWUCtl*  MICH  NOOUkC  M is 

OMit  Titu  • lamooucrw  cmnti 


(IHHIlHIIIIIIIIHIIlKItllllltHKHtHHHfUHIHflHHIIIHmil 

MN/rM  mem. 

iHiiiiiiiiiiiiiimimtmimiMiimmtmiimmmnmmim 


328 


Sj&f'Sftfii 


3 


■ - 


331 


<ua  iwuc'iwmKKi 




mmm  acn 

««>««»< 


332 


334 


’*»***■»  «.««> « 


«•»** 


AM  M0UCIIM  tvroi  (Caul 


tnu  • i 


VI 


tUttl.IWUltl 
ttUdi.  BMiitt 

vm  it* 

MUHMilIl  JWltU 
M’Utl.VtUtt.Mtllil 
MilM.m.lMaJWMM* 


Nlil.tVlM.' 


MUMWUNII) 


Mltl 


iIMKIIt.UlNMIiU. 


t*WU  JtftUli 

•MvnjrKUM.  MTSi.niuim 

MMMIt.MVNIII 

i fi  i » .%*  i n,in  iti » . mi  1 1 1 
lf«Mt.ftl 

mvni.vmiM 

<lfU»i.MMi 

<TWUl.IWUlMflttH4WUII.lVlttll.MtUl>. 

IliMVlflUJLKIII.iflMiljaMII 

ITI«7I » JU»«  1 1 MTtIM  I .M«  I • I . ItMM  I M<  It  I 

iTlVlI.ICHIMTlVMl.ltllH.lVmilMrUll 

ITUM1IMUM 

IWkSWl  I MU  I MIAM  Itt » .' MU  I » » . <U*  Ml » . AM  I >1 
It  I MM  I .MM  I M .1  film » .«l  I • MU  Ml  I UttU  M 


M9MU.ni 

WUtU.lMMUttt.4l.— llttl4».HVUi»».i» 

— Ollt.IMVl 

— UWMttt.W Ultl4C>.— IIM»4C».— UMi.MI. 


—II  Ml . W MMiai  .Kl 


— Utlt.VW 

SIM  Bdt  - If— I -i 


« MMIdfJlIf.Tl 

III!  MMr<MjUl.«M  MIS  - MM*  JNII 
m MMflMJRM  act  Mi  SMI  - KtWI  t*A  —t 

R.IMS  twt  •.h.w.immi  mm,  •.us— . 

»cvf  t a.  ,w.— m.m.muwwi.m.— m.  Jims. 


m rwiriiis.ivt.ti 


• fwwnwi.iv.vt.tM.vi 

m fWMtifw.iv.vi  i .ti 

t fWMfl  / VI.MirA.VII4  I 

m fWMVi  m .its.  ivisiw  us  t.t » 


Ml  II 


336 


~ 


•!/«•/*  «Wl«i  Ml  Ml  • Ml*  «l«  HMtm  mim  WUI  P4*  M 

mm  vine  • mwcfw  cm on 


i(u<mH((i(Hmmiiiii<iiiiiiiium(H(iimiii((i<HtiifiMM(i 

MM/TMC  MCt 

iiiiiiiliiiiiiiMliiiiiiiiiiiiiiiMiiiiiiiiiiimiiiiiiiiiiiiiiiiimi 


1 

■i 

1 

> 

i 

< 

5 

i 


337 


*„.<£*•  3*.;-'  *****  ***** 


•VI*/* 

OMUT  f ITll  - I 


4UT91MOMKT  KT  « 


At*  NOUCTI0I  tVtTCH  TOU 


•Ml* 


BIW  *41*4  M l .04111  lti>  .BH  III 
■l«M  VIMI.IOTIIWI 

■t«t  BA<l«lMllll.OUBnfll.n<lli 
Bl*  VRN IBI  .TCI  ID  .It I IBl  JHH1 I III 

■MN  tf*<lf  I 

t#4 1 1 .IC*N  | » l.lfl  1 1 .fOtWBMI  » I.IKI  1 1 . ICflMtltt » I . 

HWUKK  WBII'UUMM 

iTiii.t4in.(T(iBii.T0Tnn 
: iwmijivi 
•MBUMK  (TI«III.MfllMTl«tl,HD(m.lTl*7U.0U<>i|l>. 
itiffii.BKm 

: ifiwti^Tonn 

If  (TIBI. Mil 

H*lllll,IMIO(IIII.JM«IINMI 

: n04ii«M%*>.iiO(ih>M«*i.oonif>.NC) 


pm  » 


340 


342 


MTT  fl«U 


HAfDOffl 


•NMWI  tmmt  .V«MM»  M • I Ml  JKMi 
MfCMIM  HIM) 


iMMIM 

WJlVtM 

MUl.lHNMill 

CMIMUKI 

(«*»,«»» 

milWLDCZ  (TMMI»JUM4|ll.«TllMl>^DMIIMTlll<i|l.WI|ll. 
IT(IMU*AMIM 

MimM  lTlSMI>.M(ll>.«TUMl>.M<lll.<Tiiai».flLti|l>. 
lVl**l».W9<l>».<V<lMl».M<l» 

HUIWUMI  IfllMO.Vtlll.CVlMMI  Jt|»».«ftlMI>.M<IM. 
iVllWtlJftlt) 

MUIWUMX  lTllM»».VIIII.tVllCM»UM|l».fT(lMTl^MIM 
Mutuum  miMi^.MCNiaijn.iiOMMi'i.i. 

mi  INI. Ml 

Mutuum  noMiii.mm 

MUtuUm  (Miliai.Ml.aailMi.im.tMilMMO 

•i  rwitfiiMi  mct  nu *c  oaia 

ttN"  mu  • MIM>  ••  /^K.WKCtlON.tl. 

w.iHuir  >.r*. !.*.«•«  •/i  j.u.mi  •. 

fi.VM.iKuer  PomciM  •si.s.w.ivvim  kjiiicvm  •.m.iz/m. 


344 


to 


346 


347 


At*  MOUCTitN  1 


1 jcmmi  jmtm* 

» *4l»t 

■ lAiltWMWIIl 
i JLtiMi 

* mu  .MU 


tft|l,i<|ll 

I Tlfll  I M*  1 1 1 . l VIVI » jm  1 1 ».l  f I til  l JB*I  II 
in  mi  i .m  in  .it  i ivi  i 1 1 i,m  i»i  » jl*<  1 1 1 

«f<  mu. TiiiMftii0i.il  111 

M9u«t  . ue<  im>  *1 . iwuiii  4.1 . 


: «t*t lii.MMiOMiiMm 


348 


350 


m muctmm  inw  mu  pm  •+ 


Afft  IMUCTIPl  irtTpl  MU 


omv  fiia  - tm  mum**  if«mm 


MMM  tawwnt 

•MMW  M JC<IMi.l*aiO» 

•imtfi  vwcMi.muMi.niait 

mm- i «di.vo«Hii»MTiit,ie— «aNMM— m.rcc mumn. 

MPfD.—l *0— III 
— Ml— B ITU— 

— Ml— g «aPUOIMM’CUtl(.IMlPM*l.lMlft M— I.NI 

— — i—»,i— .—••••  (mu,  ip—  am  ••*,//— ,p«ujv  no.. 

r«.l.9M  HK  10  PC  IP— MM  — flU./l— ,IMNB.  TOP  •. 
rr.1.1.1— 110  tpm.  •X7.li 

•i  ,»«•••  HtfL  topoum*  o—  •••,/— i.ptun.  no.  . 

i«  — io© mb  m m Lf ./i— . 

I MUD.  UP.  •X7.I.1  .IPUtf  TOP.  •X7.ll 


352 


m 


AM  MUCTMN  MKN  XMC  NS  « 


«mn  mu  - nms/wv  csimti 


iiiiiiMiMiiiiiiimmiimMiiMMMiiiiniiiimMiiiMmimiiM 


353 


»-US»r» 


w- 


"CsD 


3S4 


m maahim.auami— .mjauai— maa  miawm.  mu.  . 

mtm i mam  . turn  «» 


■ WAIIIM.AUAAWIir.HJU  Ml  »»  —t  WW4  MB.  . 

AMMt  M.,HMM*-.IWJMm  MAM  - AMI 
m WMT  IM.AUMM'IM.MM 

I A WMfiiAA  MA.«MJ.IM  AAMMA  MA#T.«./HAi 

* • C 

coni  wart  i 

hi  wwr  im  mow  iUMjjm.i./MM  iaamh  ii 

AIM/N.II 

IM  MAIM  I IMA  MW  AMTI  rw 

rmt  rm  mi  rm  i 

in  haw  im  mhahiii  mjtmjmm.i./iai  ama  u 

jtmj.mh.ii 

Ml  MAM  MAA  nMfcUA  MWO.I.W  HAM*.  1 1 


' IM  AUMJMJI 
IM  M.M.MMJI 


luiiiHiiiiKiiHitmiitmtifuiuiiiiHimmmummMmHii 


m 


mm  nu  - 1 


mmmm  jciimi^0<»mi 

mmm  out  m* 

MCMI*  KWOli.lDiUlt 


iiimim  riwiit.riumit.rai«ii).rm<ili.rmMiii.r*Liiii. 

miN  l«>  SHJit  111  m*  111  JBH  111  /Wm  111  J*Kt  IH 

■VtWLDCX  lfl|l.fMM|l».lTl|l.iaPMmi»l.(0ei|I.TC9M«»|||»lt 

MNII.IMRnMlII 
■MW M <l<llt.f«MI»l 

w«oa 

OLHWLOCC  iTOMI.WTMIH.IffSlI.IOlllll 

OVtWLMI  IT<  l»|l, W*|M. ill  llilt. Twin. mUilt.TTl  III, 

(TlMtll.lWim 

WIIWUMX  <TlWll/IUMIII.«Tl«tll^TULIIH,l?l«||I^ClM<in. 
<Tl«tl  l /mi  1 1 MTICII » 1 1 1 .If  l«lt » MLI 1 1> . 

<TI»I  I /HMII 1 1 . If  l«SI  l .HU.1 1 1 MTI«TI  1 4MI I » I . 

Ifl»l  I JLI I » 1 ,1  Vlt»l  I AIM  1 1 1 .lfll*l  I I »» 

mjimjon  m tin  .mu 

tmi'MjMx  octtiMfii. ii* *•>.**» 
mimoa  i witii  j**n.  i . <i*« > .hah. i i 

wimoa  ii*i«ii(i».ii*iit».j».af>iiMi.Kiliioii»Mx> 

auiwioaiioiiMijn 

mnmJMX  ii©<im.iiMi*i«i.x/i.ii©<io»),*» 
mmuiwt  ocuiti.iwi 
tmimjHX  ciOc  i is*  • tpwrt 

in  niMf  ii*-  ««ma  i mji  mm.  mmm  iwn.  m.  !.•••  ./imnx. 

iisi.isi.i> 

m rm*s  tm*  ••mn.  nmmnm  ow.  Mn«..rH.i,«iUD., 

ry.tjuKt.  «ioii^ni.iin.i 

•i  nwr i ini, k»ion  marui  poimt  *.19.111. 

tin**  10*11  - m#»i  ••/» 

« PMtfilM  BMS.Sll.lt 


360 


MVUIMIfKf  • 


m muctiin  mrcH  mouu  *m  m 


HltlldlltltUIIIIIKMIlIKIIIIHIKIKMIHIIKUUHmmimmi 


t 


«s mr*  «ivuN  mm  «t  • mt  aw  uwctim  nipt  «u  pm  it 

MWT  TlfU  - MMO/VlIC  MKm 


362 


urn** 


IM1  ST  - 1 


POUCH*  WW  MU  PMI  « 


§4M«>  .TIM!  JCI  INI  jmifMl 


BIII.IMmuitlM. 


1 1 I I .OAfMI  I I I 


mu 

MU.! 

HM 

mmjwiii 

•dUll.WVMIII 
ITlIl.ftlUMVlItlMBfllM 
ivmi*»  «mdn  ,i  mm  i j**i  i.ifontti  ,w» . 
lVBVl%ftfMI9l(lV0Vl%7ljMF> 

: immoBMurnD.Minii.immiw 
If m II  jNN  I IMTIttt i mi 1 1 »•  it <«si » jmt  i» i 
n im  i jmu  i >•  .if  tai » jm*  i > » . if  it?i  > Mm  1 1 1 

MMHI.II 

NiiiMCi.miioi^m 


364 


365 


nms* 


366 


369 


370 


AM  NVUCTMN  tnrtn  I 


I MIK/  MfCHM) 


•HMM 


MMW  VIIUIIBI.  VAIKiMi 
MUIM  AVlMI.tt.fMl  Al !•> 

MMIM  WMfMIJMVlIV) 

•MKMN  ION  Mi.JBt  < J>«MMf  Ml*M**  IIIJLWIH 

mmmm  mmiujumiii 
MW m VMItlJMItlJONIII 
MPWMim 

IHMIW  IOM  Ml  .VMM  Ml  JlMfl  III  «MTCM4  Ml  Ml 

IMMIM  MUM  Ml 

■MmiMz  Moi.vMmiii.ifiii.vctmaaisM'Mctii.vcait'iMiti. 
M«ll,fBlM%aMll 

■MWUNDC  t#fMljMlll.<Vf»l).aAlOf|l>.fViatll.0AlNf|ll 
mmmma  lotMiAtfum 
mmim  iMfniMtnii.  MiTai.Tiiutm 
MmM  MimijiMiii 

■A<jg  iriMii.viviiu 

mum  iTMtii^t.f«iii.irivm.%Lii>».<Tit»ii.a.<i>i 

MM  fTtTl|I.MMf|t».fTfTMI.nMVf|>l 

MUM i lfHMlMMIM.(Tl*|lMMf|ll.lTl7T|).OOHII>. 

I KtfHjttM  I • MVUM » AIM  1 1 1 

mmrnmm  <tmiiijmim.ivmiii  jumim 

MM  lTMMtl.VMIM,lf<mi,MMIIII(n<m  I.HCVMIM 
■MM  ITMMIJUMIII 

tVOTII.IONIII.fTMMI.WMf  III. fftt»ll.ni««lll. 
(TOM  I .MVDN I * I.ITIM  1 1 MN I »» 

UMB  IT<S1I JMUNtll 
MMB  (TlMMl.MlNiii 


■HWUKI  MIII.MI 
MUM  fl*<Mll.ll.aefMt>.J> 

M1«M  MlltlMl.MIfllMMl.UMlMlMMl. 

MINI . MN  .OTt  IMI , mn  .ft*  MT»  MVTI 
VMtflMJMIAM  MU  - Ml  Ml  ~/l*.CAM> 
rwMti—.MN.w  metJM  mnv  - vctioi  oata  •••/ 
/VK.IM.M  VM  •.ll.U.IMM  COT 
VO*.  V.OTVA.  JOTMI.K.MIWN.W.MP. 

■Mfiai.lf.VM/1.11 

TWMf/  M,MI.VJU)«M,W.MU.VM  CMOt.'tf.MfT  M. 


rwMiai.iT.vi  i-*i 

MMriM.IM4.VIIJi 


372 


am  Much*  tfitiN  i 


IHIIIIHmiHIKIIIHIIKtllHIIlfHIHIIIIIimmimmiHIIIHH 


iiitmimtimiitiiiitiiiHHiimtimmiimiHiHHiHmmim 


as 


376 


4/WIRM  CNim  «T  ■ MCF  <M*  MCUCTIO)  trfff*  NpRII 


OMIT  niu  • MM  wmm  IT*fCt»fT» 


COWN  TCOMMMI 

•MMIM  MM> . flMMl  M l IMT.OHNI 

mooiot  OkiNTtit 

MM  MM  •<!»> 

RtlOTIM  IOM I »l  .ROM  !•>. ROM  It'. ROM  1*1. **<!•>. RON  |«> 

IIIMI9  OJiM  III  .VIM  19)  MUNI  III  .RCUM  III ,RC*N( 1*1 

MflWUMI  ltll).TeOM|)MTltl.TCO«itMllM9e<M.ICOMT»l9IU. 

N0UM90MM9III 

mnmjoa.  i9(«i».9aiwim 

MMMUMX  lTlll.94111 

M«9Q  (f«1»II^Ol(l»MTI1»l).MN(|IM?inii.90«l|i>. 
lfnM)JOM|IMf«1»l»JUMIII,<TlMll.90M|l> 

MflMLDCt  lTl9llt.aJ9MMMflMII.VMIin.m9IIMiaMMM. 
IflOil  I MUM  1 1 » . I TiOTI  > .9COM 1 1 1 
MUtVMLOCC  MMliMl.MHIIIJI 
mnMUCK  no<  tn>  .loo . not  ir*>  .mom  . ooi  taoi . too 
m fOMtfl  MlOlMlIM  n»OM  ICL9C0  IN  AIR  MOUCTI0I  tttTM  / 

Mi  MONT  H LIR  MQCtRV  DOCK  I 
m fOMtfl  WMOlMMIN*  HOI  NOJCO  IN  AIR  HCUCTIO  mnn  / 

III.  MBCtlflN.  III.  Ml  19  RCCTNCLC  9R  KXKtD  «CT.. 
lOCOOTCtlON  It.  IT9.I  I 


377 


M/a** 


am  kmci  mn  mim  mu 


pm  n 


mm  tivu  • Mvaooucrav  cvknti 


iiimiMfiMiiiiiiMMiiiiiiiiiiMiiimtimimiiimmiiiimmi 

mmotm  won 

iiiiiiiiiUMiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiniiimiiii 


379 


nmn*  mm*  turn  m - mp  am  imuctim  wtw  mu  mm  h 

OMIT  Tliu  - IDI  wmut  ffAfMNTt 


NCtW  MTIIft  .%M<  III  ,%Ll III  .KMMIM.tDllltl 
IWHfl  WffMf  I.MIUIM 

mmim  tmtm> 

KltUUME  (•HI.«OMfHMT(|},TC8Hf|MIIMtCflMC0M%l9l>l. 
■M 1 1 ilOWMIl » I 
Mimoa  (MOn.uuun 

Mltmoa  III, (Mini itt^vvt* 

mm  ii>  jmn  .twntt  i%»  .sosmomim  isijntf  i,«uii  »•>  smvi 

MtMUXZ  Iflll.tllll 

wmm  iTiMi>.4LTii».(Ti»it.Mti>MTi«ni,«.im. 

•TI9»  I l.mtH  1 1 1 1 1 Tl  Ml) . YOi.  ( I M 
motuukx 

MVIWLDCK  iT<IMli. TWlll 
■uiwtoa 

■MIWUMI  tfttItl.W/ttCl.lWf*). irv 
m ium  ocsion  cocitim  •••.im. 

BOH*  IVOR  - i*m*  ••// 

*M.KOIMT  .MR.  |%*tfX  .fttfLTI  T\A( , IM/lMAV,VMD.  I Tk . 

rn.f/MH.nMTDfvunM  • r,»/iUAi,iiwin  - pm  a. 

TO  ULT.  r*TM  JKSIO.XAM. 

IMMPHOI  TIOA.M.rit.t/MR.ttMjLTIJttft  KM  KH. 
ril.|AOI<IOMtfOII4  0D41TT«ltX.PB.ll 


380 


air  iicucTitt  mmi  mu 


CMRT  TIfU  - MTMOUCTOT  CMOftt 




ttMUTM  P1M 


381 


M/m m om  «t  - 10  aim  imuct icm  tvtfo*  mu  pm  n 

OMW  TIM  - MRQUTIIC 


382 


n. 


•i 


jjriuuT  nbxto 


ii  .**»(*•>  .toftottt 


cmm 

ummm  tomm .umm* .Kim\  jmmi 

mmmm  iiwmi 

mmmm  t4ta>.f»rti«0i.»»4iflt> 

■Mmfln  •mhii.bimiii 

MJIWLOCt  (Tl|l,t< III. ivmt I.TOnilMlIltMMWl III 

muiwldcc  ifvri«iijifnMVtTi«i^f0oi.it0Tiai*irtii. 
mvinijmi 

w«um  ir*i.«ae<itt)(i» 


384 


mm  vine 


milllltllllMIIIIMIIIIIIMHItlHIIIIIKIHKlKIIIIMMUIKIHMI 

MWtMMfl 


7, 


a 

$ 

4 


385 


•*  •<■■■  '■*/ 


OMIf  ttlU  • MMUtlt  MM 


wnruH  oxtn  «» ■ mu  ai»  iwuctiw  twin  hxuj  »«t  •> 


386 


O'!** 


Alt  UCUCII0I  %rtn*  NDOhU  tAtK  « 


389 


S&.-5 


mmMt  ovm  «r 


AM  MUCfltt  WTW  nooc  ft 


©Oft  TITU  - maoutmc  nm 


392 


TIHC  • 


394 


395 


MflWIMi  Om  «T  • MU  AM  IM9UCTI0M  WTO  «OU  PML  tl 


OKU?  II1U  • tot  MOCC SSH  ITiTWKi 


OMN  ICONf^MOt 
OTTO t /IMIMT/  MIMI 

•MMItt  O(ftM),  TlMMi.  W<Mt> 

•iKMioM  nm,  iahiiimi.  aiai.  muiai 

timiON  ICTltMl 

OUIMUMZ  Itlll.TCailll.lVlIl.fOTIIIMltMKlIl.fOTIi'Htin. 
nsm.roaitam 

nUIVMUMCf  iMSIllMtin. 

inrun  i.Dintn,  in  11,0177111 
muiwilocc  ism  jum  hi.  icmt  msi  tn. 

IMS  .MSI  Id.  tHt  Atf*<  %n.  i hi  .aisi  tn. 

i HI  m*<  in,  ih%  Mm  tii,  mi  msi  tn, 

its  Jtfii  in,  m Mm  mi,  t*  msi  mi. 

•ret  Mm  mi,  tnu  Mm  isn.  mm  Mm  mi, 

ISSI  MSI  Mil.  ifCT  Mm  Mil 

nmwtocc  no.  Mm  tin,  tact  .msi  an. 

nrm  Mm  nn,  tm  Mm  tn,  net  Mm  mi, 
moot  Mm  an.  imm  Mm  mi.  ixoti  Mm  an. 
turn  .Mm  an.  1x1*1  Mm  an.  ixiia  .Mm  sin. 
iximc.ursi  an,  ixiia  jam  nn.  ixitssmsi  an, 

1 1 list  .Mm  an.  tarn  Mm  an.  taa  .Mm  mi. 

nasi  Mm  an.  isst  Mm  an.  nasi  .asm  «tn, 

tsa>  .Mm  %m.  isirt  Mm  an.  imra  Mm  sin, 

(HMis^Atm  mn.  ixhsi  Mm  an.  ixitsi  Mm  an. 

ixiisi  msi  an.  ixna  Mm  an.  txira  Mm  an 

caiwLOcc  (xtiot  Mm  an.  ixnss  Mm  tin. 

ixiTno.DAfm  an,  ixitas  Mm  an,  ixitsomsi  mn. 
ixmn  mii  an.  nsn  m*i  an.  <a»  Mm  tm. 

twn  Mm  an.  isai  Mm  an.  nata  Mm  an, 

i am  Mm  tin.  isai  Mm  an,  iw  .Mm  an. 

ism  Mm  an.  isirs  Mm  an,  naira  msi  an. 

ihmssmsi  mi.  txnm  Mm  an.  ixitn  .Mm  an. 
tximi  Mm  an,  ixna  Mm  mi,  ixiia  Mm  an. 
•xi**  Mm  nn.  ixna  Mm  mi,  ixiitwimsi  an. 
•Kiirtjtfti  an.  ixif«a»MM  Tm,  ixiumimsi  an 
nut  wince  iximi  Mm  an,  «xn*w  msi  an. 

•xim  Mm  tin.  <xmw  Mm  an,  urn  Mm  an, 

uotc  m»i  an.  (OTi  Mm  an.  na*  Mm  an. 

•am  msi  mi.  ism  mm  an.  nasi  Mm  an. 

ism  ms«  an.  i ssi  Mm  tin.  ua*t  msi  an. 

is»s  msi  an.  ism  Mm  an,  ism  Mst  an. 

is**  msi  an,  <aa*  msi  tm,  him  .msi  an, 

itu  Mm  an.  ism  MSiiwn.  <ru  msi  tain, 
iTMTAMmiMn.  I SSH.BSII IfSl I , ITCT  Msuan. 
iiwt  Msnan,  cm  Mm  tan.  tiajrT.Msiitm. 

iTtOTTMSiian.  ires  MSIIMU.  (St  MSIIISII. 
cm  Msiinn.  iffttrtMmian.  tTaasMsiiisn 
out  wu>cx  iTiisii.mnn.imiai.mHi.imiaijhiMi. 
•mini  ^iisumi  . imiai  j&mi  .ntrtm  .arsan . 
irtnai  aai . imiai  jmmt  ,«aviai  ,r*n . 
lanii  i .scr  ,xcn , « von  ai  .staci.immi  .acssi . 
ntrtai.avs«i} 


a rsasiHti.ia.ts«mr-m 

t > 


aim  •• 


a rum  sta.im»  s mt  wto  •*/  » 

a msi  / a,ia<  a ms  ma  ••  /i 

ti  fOTSffnm.ia.iM*  whiimi  an 

am  msi  • aim 
in  fOTsffita.  i as.  nt.i  > 
it  fOTuffif/ia.iamair  tsa/ 

la.aiuas  m msi  sit.*/ 


396 


£ 


om/i « 

***T  ,,R*  * •*■*•*«*.  iiunon 


MH  II  . KP 


**»  mwtmn  mm  nwi  *m  m 


SI*  t' 
/W4r 
SI*.*/ 
St**/ 

S l*S/ 
SI*.*/ 
Si**/ 

St**/ 

St**/ 

St**/ 

St**/ 

St**/ 

I St**/ 
St**/ 
St**/  t 


St**/ 

SI**/ 

S***t 

St**/ 

St**/ 

St**/ 

St**/ 

St**/ 

St**// 

St**t 

St**/ 

St*.*/ 

St**/ 

st*.m 

St**/ 
St**/ 
St**/ 
St**/ 
St**/ 
S* •*/ 
St**/ 
St**/ 
St**/, 
St**/ 
St**/ 
St**/ 
St**/ 

St**t 

St**/ 

St**/ 

St**/ 

St**/ 

St**/ 

St**/ 

St**/ 

St**/ 

St**/ 

St**/ 

St**/ 

St**/, 


\ 


«/•** 


o«ff  rivu 


*****  OMtf  *!  • MP  AMI  MUCTNN  MW  «U  PM  « 


f mu  iiiiiiiumiiiimiiiiiiHimiiiiHiimiiMiiiHmHHHni 


398 


99 


400 


401 


THU 


ciiati 
i tmm*  mm 
l *«MI  .f  ««Mi  jbi  imi  mm* 


I 9CI99I 

I 4kT<  19)  ,WM  191 J91 19) *9tl9t .Ct< It) *A#< III 
I %Nf !•».«.( !•» ^MI9>.ail«iM<|«UM.II9», 

It  19)  ,109N  l9l.NL'  191  19)  Jltl  III  ,9m  191 . 


illl.iTtll. 


il.NUi.’ 


I Tt«Ci»i 
Mil, IN 
•III 

mJBMIH 
(INMIH 

iNfMIII  AU>  .IMIWH 

•».f|«IIIM 

iftii.tmi 

I9«  1 1 ,l0Nf  M94tlJ9mi 
lTl99ll.«,TlllMfl9lll.VMlll,m«|i^9i|iil 
ITI99I I .94 1 1 1 , tflftl » .C9i  1 1 1 , 1?  1991 » Mi  I » I 
NftWLOCi  lTlttll.ttM|ll,tfcfTI»(«Hll.lTi«|l.*tlll. 
(TUMI  AUH. ITlMl)  JMMlii.iTfSmAldM. 
mm  I 1 1 MfcMllMlt  1 1 • . It  1*1  1 .HUM  1 1 1 . 

i rim  i i ii.mmt  jiw  i n tiv«9?miu  m, 

mm  i jm*  1 1 i.ifivti  i j*i  1 1 • 


« 191 1.IMN4  lift.'* 
mi  mMfiiMjN9,i«,i9iM  - mm  -mm* 
m NMfiM.M.m***  Mi  Mnm  wu  tmn  -ji 
/N.IMI9W  IWNW ^II.NH.TITV.1. 


sm.rnrm.m.im 
i n.i*.mnmci 
if  f INSII . I ^19.9.99^19. f.  f 19.9.91 1 . lJlM.fi 

NiU/Nl.lMWrM  TNI/ A*. 

IT.  ,«,MfMl  .*  At*  M.mwm  M . 

M f,W.a9l9,«JfV.«.«Mi).«.NM.SJI9 


«MT.«UNM.N.Mr.NA9AIII.M»  I,«.IW,«I.I99I. 
WJ9MI.999r.9IJW.lll.9N  I.W.IMJ.W.mil 
• 99MT9I9. 1 JM/l.|/|.|/T.«JMjn.|/I.IM4^M. 


j 


403 


j 

li  ft  % (N«(  VI  • Mt»  Ail  UMII*  •««’!»  *uui 

04MT  fliu  - W»  WOCtaM  |Vtf|ffMfS 


caw  fCMH«M» 

•MMICN  KMli.TlIMl  JCilMi.WiaWl 
•MMIM  CSUHMI 
tUMION  OAftlHii 
•MEMMW  «N««N» 

MMIM  IIIMI 
•ifCMiCM  torn  mi 
MIMUKS 
M®l  1 1 (TCONtlMl  1 1 
ouivukx  wan miih 
MUIWLOCC  lOiMlI.MItllii 
MVIMtOCC  (OllMM.ftMMIII 
OU1MUNCK  mil.fUH 

ttiimCMZ  lTl|||l.TOT<MMTOTll»i.Mrt).lTOT(MMrTtl. 

itatiVTi^rni 

nuiMUMCK 


Nl  101 


406 


«/«!/* 


«m»  otmr  mr  • M9  air  ucuction  wtw  mu 


NK  Itt 


OWRT  TITLf  - INTRQOUCIORV  COVCNTf 


mm/rtic  «jpvrt 

iiiMMiiiiiiiiHiiMiimmmiiiiiimMiiiiimiiiiiimmiMiiii 


407 


409 


K 


t 


O/M/M 

•Mtt  rilU  • MMWTIW  IMR 


«n»Mci . 


*»  mktmk  mmi  mi 


MM  IN 


•I'M'* 


pm  m 


©mot  niu  - mt  me n#n. 


tmm  ream  mm  i 

MIX  MIK/  IIKUMl 

Ml  BN  /HINT/  If  (Ml 

•IMMI1  19M0I .TIMM)  JC( IM)  .Ml Mil 

MMMI1  MVtiMMAimiMi 

—ION  TlHf  (Ml 

—II  ftffiMi 

—II  fUMl.fftuM) 

COM— K llll.TC— fl>.lfll>.TCOMM0l’MK<|l.1C9f<*lNIH. 
(MUl.TCKMOl* 

— t— X (•lMllJ*rtl|tl.lOlMM.MI»(in 
c— c tiTiBi.TjTuim 
mnmjtta  (•(iin.omm 
atMl— t iTiD.fim.iTtiiiMorim 


— IMLPCi  OCUIII.IMMUMI.JI 
—Jl— C (M<II9>.I*> 

— I— C iMHIll.l—l 

mo  — mmi.— i.itr.i—*  k—t  ,—•// 

MX.tINA.  I.  0.  • —IM  KCTI1  ON  (KflUf  MOUf  MIOMT  ♦ C4.  . 
imvfr  //  — T . .Tk.KC.i.  ,00l,UT.  .IN, TIC. 0.  I 

Mi  — n iwuction  ovtTiN.TM.il  i .im. i inihxt  kmc. 
1M.1l  1 4/  1.11— N 0UCTIM.1M.il  1 4 / 

M.MONT4C  MOM  ♦ 1.  MOtfNt0N.1M.1M4  / 

14—  DOOM  • M.  MOtfNlflH.1M.1il4  / 

14*— I— I MOM  TNT  tT*CnjC,1M.1ll4  / 

14— M 4 ri»  1IM.1M.1II4  / 

14— UU  MUM  nUMLATtM  1IM.fMni4  / 

14— UU  TBM.  ♦ CJMC  1IM.TM.1ll  4 / I 


MR.—*.,iM.wc4.,iu.»i<r  ix.oe n.—ir. ix.wc.o./ 

1.IMMM  —.THni0.10.1ll4/ 

1.IMKM  ♦ MAMI.TBni4.TM.1ll4/ 

14— —M  • rtmm.ns.ni4.TM4rii4/ 

1.  — DM.  TM4TI  14.11 4T  11.1/ 

1.  —mi—.  TH.1ll4.Tini4/ 
i.  — nJM.mjrii4.Ti.ini4/ 

1.  —MD MU..T1  jril  4.T1  JTI1 4 / 

1.  DM— U0.TH.1  II 4.T1  JTI 1 4 / 

1. 1—4  M.Kt-AtfC.  .TVS  JTI  1 4.11  jr  1 1 4.TM4T  1 1 4 /> 

— 7— H.IOtfCCtl  M0M.TM.ni4  / 

1.  I9MMIM  0OQM.TM.il  1 4'  1.1—11  riM1.1M.1ll4/ 
—.11—1(4  NltE.  iTM.1l 1 4 // 

1.— TOT*  M4K.—C.MN  • NIK  .—.  1114  I 

— — (Ml.— I.IM.H"  — ••/IX.— II 

— —IIM.  —.**••  • MMUltlM  • N • V f ••• 

/ 1,  UN--——.. I 

— —IIM.  I1X.  —UR  IMUCTI1  tm . TT0,  1114  / —I. 

IINMJT  MMK.  17.  Ifl«4  / — . II— N —TIM.  — . 1194  / 
MX.  — NM  • — IM  MO MNI1.  17.  1194  / 

91.  — MOO  • OH TIM  MOMNI1.  17.  1194  / MX. 
90—1—1  mat TNT  «T— . 17.  1194  I 
M — (HO.  91.  a— 14  NO—  riMD  IIM.  17.  1194  I 
•19  — 41.9— VU  NO—  TMOLATIM  IIM.  17. 11941 

•«  — (HO.  mu  T— M ♦ — IM  INC. 17419 41 

— — . 1.  IMNIINC  ICCTI0N  NR  NACIL 

l I •••MR,  / 91.  9IN- 

— — — // 

— .—MO  — .71— ,—M 

— —IIM.  |1.  IMMIM  — . — . 1194  I 

— —in.  ii.  i— ui  truer—  / ix.  toouot—  • — 

— • 1194  / MX.  9— IM  ♦ rifMM . — . 1194  / 

•M.  M900M.  — . 1194  / 91.  —ITT MON.  — . 1194  > 


411 


mmrvm  mm  «?  * i 


raawri tm.  in.  rnnum.  m.  vim  / m.  in.  •cmmi.  n 
vim  / m.  in.  mwi,  fw.  vii.i  » 

rmwriM.  in.  tamuk 

«m.  riv.t  / > 

NMtflM.  in.  IMM  • MMU4CM  / VW.  NM  / ». 
nccm.  «m.  ini .«  / an.  mmik.  m.  irit.t  / mv.  in, 
iiWBiiv  rtvtt,  vn.  irit.t  / m.  in. 

<•**4.  mm  ♦ mvcbu jcm m,  w%»*  • 

rvwfiM/M.  in,  anitv*  mmc  nerm  at  nciuc  mv. « 
an  — — . m.  mt.t  • 


412 


IfllKIIMIHIHHIIIIUHIIHHIIMIIHIHIIIIIIIIHIIHHIUimiHI 


inn 


416 


•I'M'* 


• 'mi  « 


•!«  IMUCriM  «niCM  nou 


i 


418 


FORTRAN  LISTING 
OF 

AIR  INDUCTION  SYSTEM  MODULE 


420 


I 

t 

% 

V 

• 

II 

II 

If 

II 

I* 

It 

it 

If 

It 

It 

« 

•I 

II 

a 

1H 


II 

a 

a 

a 

a 


«i 

«i 

%i 


NMI  LlttlMI 
aiir.i 


«mn»CNMn  «f  * 


ami  imuct i®»  tvtiCN  mu 


c iiimiiinimiiiiiii»iiiiiiimiiiiiniimmiii}iiimii>»»iiin*)Mnii 


AIIMI 

tlMH 


WIMH 

MUIIM 

atm  ii 


MK/MKIINl 
timmt  am 
mr/fiMai 
m MMMD 

•I  CM  KIMII.TiaMl.KI INI  JUMI 

•ami*  **an.*<ai 

9IIMMN  tAftlMl 
tllfWIOM  TOT  (INI 
•tfOMI*  NnKIMlJKNl 
•IN  NIKI  III 

i nan 

ann* 

(Kim  i. turn  i>> 

iKii.ica(i>MTii».T6amNiiiMKii».ieai%iiii>.  anna 
>i  anna 

ltiail4Mftllll 

iKMii^Amnn.iKMii  Mttiu 
iMniMRim 

IK7VOSIII) 

mitti.itriin 

m ini  i .«a  1 1 » . (Mat)  mm  1 1 > 

i 


loan, 


aunt 

anna 

mumn 
anan 
aii  mm 


<«<!ii.iri>. <*<«>. im.<i*M>.in>.<i**>.ir»>  moimm 


: urn iiii.imi.il* i iiMvti 
: h*him*n 


421 


AWLON  ©**?  ACT  - MV  AIR  UOJCUON  »r»Tth  * 


i tan.  i myoma  ratio,  tv.  ru  t / 

« m.»#«M.<iJCo  oucr  i.*iko  vim  / 
i iff.RfftMxr  tyoc  ii.moii.  tuw  t.noiT.  Mf  i.  nt.  ro.i  / 
% •nmmi.WM  / 

• iv.MOpnjc  maw  inn.  nt.  nt.t  / 

• M.1UM  or  itun  w air  vcrncu.  nt.  rt.i  / 

V IOR.MHI  OltTNCC  Of  TMOAT  fW  l.C.  Of  COM.  OR  Lit,  TOO.  fll.S/ 

• Iff.lOOUACR  Or  CNOIttO.  TO.  f».  I / 

• Iff.inTMRAT  PCR  CNOIK.  IN.  flO.t  / 
a i«x.iiMciflMT  pcm  ooitc.  nt.  fll.S  / 

• itt.itOMfw  or  oaim.  nt.  ru.s  / 
c iok.iaainctcr  or  oauc.  ru.s  / 

• Iff.SMMIlC  C O.,  PItTNCC  ATT  Of  net.  nt.  fll.S  / 
k m.nm  at  com.  or  lip.  mt  i.  nt.  rti.s  / 

r to.***  at  doim  n a,  set  i.  nt.  ru.s  / 

• iff.rxz  at  cmoim  ret.  *t  i.  nt.  ru.s  / 

M 101.00  AT  COM.  OR  LIT.  OCT  t.  Ttt.  fll.S  / 

i iw.rxT  at  ooim  na.  kt  «.  nt.  ru.s  / 
j i«.nt  at  oodc  nee.  set  t.  nt.  ru.s  i 

MUTKO.  1009)  (OATBtll.  i«to.ti  » 

.MO  fQMATt  Iff.  MHMPIMt  KCtR  Of  PYLON.  TOt.  fll.t  t 

I Iff.  RAOOMTINO  rm  tO  »%OIT.  I.NCRI2I  IOMILON.TO.  ft.l  / 

• i«.  mmvoimc  chord  or  daomd  pylon,  nt.  no.t  / 
s iox.  tin 9m  or  daomo  pylon,  nt.  no.t  / 

• IOX.  IIMAYOUOC  OCAO  Of  OUTOOMC  PYLON.  Ttt.  flO.t  / 

• iff.  mp«  or  o/toomd  pvloy.  nt.  no.t  / 

A IOX.  BOTYLON  TMIOOCOO  TO  CHORD  RATIO.  TOt.  fll.S  / 

• IOX.  RORUMLIMT  I MIT  MCA  MR  WCCUf  OR  AIR  VCMICLK. 

c nt.  ru.s/ 

0 IOX.  YMUCT  RlPMO  MCA  PCR  waul  OR  AIR  YWICLC.IOt.  fll.S  i 

uHTtio.ioo?)  tOAnm.i-M.sst.  OAnijoi.oAnim.OATuni 

• .OAlKlD.OATKlRl  .OATRfll  .OATK(R) 

1007  fOffAJt  IOX,  flHMCA  Of  NIOCOUMOlA  OOORI.  nt.  fll.S  / 

1 IOX.  POODUO  INDICATORIO.MD.I.-YCVCALC.OT  I.MOM  MCA). 

• nt.  ru.s/ 

B Iff.  IMlMCRIAL  MIOCR  fOR  OUCTt.  Tit.  ft.)  / 

R IM(.  IMMTCRIM.  MHKR  fOR  UNO*.  nt.  ff.l  / 

« lox.  MoiAfoiM.  nutor  fOR  Maun.  nt.  ft.l  / 

• IOX.  tlMRINT  CM) ICC  II. MIN. .t.tOO  OPO.RRf R.MMR.I, 

.?  nt.  ft.l  / 

• Iff.  ttVITCMINO  ACCCLCRATION.  Tit.  fll.S  / 

• Iff.  tAMRMCA.  LOMftCTOR.  TOt.  fll.t  / 

A Iff.lffK  ftCTOR*.  ..roCTf».fi.t.*.  TMTUrCV.fO  t.ff.  OCftOM*. 

• ft.t.ff.lMLOMCNffff.fl.t  I 


' MTUP  U01CATORI  NO  COUNTIJM  « 


0CVCL8P  OPUO  PROfllX  DATA 


iriffiti  ioi  m.oo.M 

OR  IfiOATRl  IOI  100.00.  IM 


07  00  TO  1 100 . NO. 1 00. 1 M. tOO, tOO i ,IYt 


IOI  IfiOATRiion  lil. IOI. in 


OlRIil  MOT  ■ 1 


€ TO  00  Off*  OM.Y  OlRItt  MAT  MAC  POOITIM  YMLUC. 

inoATtiioi.oT.  o.D  oo  n ioio 

C «l  OAT  \MUCS  IN  OCR  MCfllf  (MR  A.V.  If  INTOOi 

tin  ■ ffram 

iriOAfim  .or.  o.oi  tii  i wahid /daw  u 
TOT tiO * ■ IOTlM)«T(ll 

00  IRO  l-OR.ff 

IRO  fOTlII  • TOTt|l*fll) 

oo  n no 


422 


«/*•/* 


imjr  uirw 


ewrtwn 


MDU  fUCTf 

KOI  IM 

IflMIfilM  M.M.IIf 

Ml  It* 

Sit  CflMCU 

MIIDM 

m UU  NIKON 

MIIM 

|fif*rt<l)t  MM.H00.Pt 

MIIM 

n du  rtjam 

Mitt* 

Mcwncu 

MIIM 

du  ftMonr 

MUM 

€ 

imruumi  • mm  ii 
^AIIHI  • VMM  »» 

mum  • mum 
mcnm  • mmmi 
miiki  • wamm 

fitfifii  ■ mmhi 

rut itr*  • motcmi 
c 
c 

Ml*  9* 

C 

ftmnok/r  <m.  i>  treat*  n.rem<<»o«n 

c 

irnofiTiKiiiM.iM.iM 

€ 

I MV  CONTI  ICC 

06  Ml  MM 

C 

c mimmiiiHMiiKififHiiHiiiiKiKMiiimiimiiiiKmiiiiiiiiHiiiii 

C tUMOUTM  KIM 

c 

c 

MKXffllC  ocmo 
c MincM  a moc  ir* 

C If  KVCLOP  ACT  K6CTMT 

c 


tlfMIOl  0<MMI.Tlf0M>.0C(IMl^6ifM> 

•IWM!«  OAITXMI 
•IMD6I0N  ft  I Ml 

•Ml*  MDUfUMlil  .000*10)  .*6<I0>.K»*I0)  .*«0<  If ) 

•iioata*  ouoiioi.vdiio) 

c 

nNMM  C*|l.1CONI)>.<TUI.fB0MMl»MfM|l,TC9«<'ilOII>. 

iitoui.fnmMui 
cmnvMLDcx  woiijMim 
wiwLoa  iTcn.tiiii 

WimM  CTftlll^flDCIM.ITMtllMCHMTCtlll.MOCm, 
IITfVill  III.  (T  (Ml). KDUM.IT  (Mil  .tan  H 

COUIVMLOCC  IT(|7| l AJ0(lll .(TlMD.Mdl) 

Mimocs  no<iiiMi,aeiiV),ji 

auivwLDa  icouim.iai .<MHii9i.NCi ,och tit) jki 

c 

c iw  tioiCAraRi  mm  commm 

If  1 1 - MCI  IlilJI 

c MfC  OK  If  » KVCUt  MDIlfCm 

10  K If  M.JC 

If  lAATf(l«fO)i  lf.lf.lt 

It  MOCtMOl  • f*ID<l«fO)*<lAJO<l*Ol  ♦ DftfDUMOHMttf )*itl 
It  COfflMft 

c rif  turn 

M 00  M M.K 


c much*  if  mb  oca  m mk 

M lf(0*TDt|*f»l  *».*».■ 
t OTTIC4L  tM  CMDICMKI 

m mo  • i 

MIDI  I MO  l • MVDH«Mtl 

ft  If  M 

9t  irioMtiiMtii  w,n.n 

m aiicif.fi) 


423 


•Wf/N  IMYt  LIST  INI 

Ml « •••• 


AIN  I met  I ON  ITITOI  mu 

HI* 


•II 


•It 

•ti 

•M 


ft  r— n y mw i w oct—  in  ain  imuctim  tntCH  § m. 

I CMUCT  UN  WC  TNT  PMN  | 

C MRUWT4L  LIN  lUMR  I t.) 

RM*I 

•UV4l«Mi  • MTOUtti 

mnm 

IM  t«i»  • im 

•<tl  • lOdt'iOAIDtl— t • RAfftlHNlt  • MUN<l*Mll/ 

IlMfl  - MINI  III » 

ITltltl*  Ifl «lfl .Iff 

i«t  tm  • Mumt—i/iMctMAroii’Mi  ♦ •uim—i—ii 
tie*  • Niro 
c 

C OWN  —BAOC 

MM  I— 

I«  fill  • AMI  tOAfTX I •Nil  .NATO!  I*M)  I 
«l«>  • ANINt  lOATOl  l«N«l  .OATDI  l««l  I 
irititi  - Mttditu  IM.  I If.  nt 
IM  tttl  • tdl/Olf  I 

tut  • NuoiiMfi/ioitMioutiniti  • f«N>  - ntimm 

c 

1—  MITT Ml  I.  fill 
M romikTi  WNMNNIt  MON  OCTMA  IN  A 
I NNCCTION.  US.  — If  IKCtAMLC  M NM 
• Ml.  I I 

iif  f«fi  • lOAToudfi  - Mttfisnniitmfi 


•MNN 

Hit 


Mini  it 


i Met. . comet  urn  iMtir 


MIMtlt 


•M 

fin  • i0A>B4t«Mi  - oicmiciinin/oici 

Misnm 

Ml 

IflflfM  III. lit. lit 

MlMTSt 

M 

III  fifl  • OiMl 

mimnm 

Ml 

Ilf  IfltllM  1 IN, Ilf. Ilf 

miwtm 

CM 

m fin  • nni 

mrnrn 

— 

lit  —hi  • tifi 

miorno 

mm 

—ill  • tiCiMin 

MltflM 

my 

—III  - fill 

MIM7M 

mm 

—iii  - oicinooiii  • miiMci— it 

MtfMM 

mm 

—in  - —n> 

Ml— It 

mm 

—ill  • 0<CI<0QD<II  ♦ 0«ltl*icima Dill 

MI- 

m 

— CONTI— 

NI— 

: not  m im  uurt  it*  ncoumiimm 


j -• 

irtlfDl  A3.IM.IM 
CAXLLAlf  IXAOIM  IBM  f 1ST  A 
Mf  J • 1 

MJMllI  • MIDI  If  I - BAfDilll 
iriiM-u  Mf.iM.att 
MB  IfiOATfiMil  tlMlIJN 

— our  it  enter  notti 

CM  IflBAfDttin  M7.lt7.tM 

rm  mrncA.  lm  calculak  lip.  im  mi— n tu»  —tie*.  i 
MT  —III  • BJMlIMflOAfDiNII  ♦ NKNlimtl  • Mill  • — <tn 

mnm 

•iir  met  ab  mb  ruMum  mem 
CM  from  • MJMUMIOAlKfll  ♦ MDICI  • RIHIt  • — <tn 

MIN  CM 

NOT  If  A flMLC  IMXT  MR  NAOUX 
•If  tTttll  • «J»<  I !*!•)  •<•—<•«>  ♦ — <f»  ♦ MPiCi  ♦ —'tn 

mnm 

WN1MNTJL  Ut 

hi  iriBAitiMii  mjmjm 
nm  mm  mr  menu 

m fTMll  • MJMTIi’iOAftltll  ♦ — <•(  ♦ MMMDOidtCll 

MNM 


Mi  from  • ■JMiti'Oi*>*tOAro<fi»  • tf«r  • bici  —ten 

CALCULAft  —MOT  MCTIfNf  M IM  V M k.C. 

MNM  NX 

NJMI-H  • MKIMfl  • MUM  I Ml 
fill  • Ml 

ITifAfMI«MH  MJNJN 

m IflfAIOlMflt  M.MJM 
MB  fill  •Ml) 


MlClfM 

MlRttlt 

MlflMf 


1 


424 


illilllii8illSCIIiiaftllillSiSS£SSSSSSilBKKRfilS!aBBSIB&BBSiZSiSXSSSIil8i 


«/#**  Lltf  INR 

am « 


omnot  omit  « ? • och 


All  IMUCTIOI  tVSTDI  HOOUU 
(in 


Mlflf* 

MififM 


ttititn 

Mittro 

Mitif* 

•tftfif 

Mitim 

Mitt  an 


nt  v»4i-i>  • fuoii-ti*4fi"«<it«<Mf»ii«ffp « o*ro <(•*•>> 

OHM 

c tot  nun  mm  no  men  mcoimo  oc 

m rmi-i*  • mh-iioiwiiii 

mnm 

m m.m.rm 

C OURP  MM  I TIM  OC  tUCT  KCMIM  TM 

Mi  VK  1*1 P • AJOH-ll%AT0H*«ai^Ct 

mr  cmtimc 

c **•  out  mi 

MttllM 
Mlflltf 

C IIIIIIHIMtllllllMlimMIKIKHIHIHIIKIIMIMIIIIIIIIIIIIIIflllimiH 

C OORO/TMf  MOO 

C MiiiiiiiMiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiimimmiiiiiiiiiiiiiiimin 

THC  MOO  MfMflf 


I rniK/  OTItCOMl 


BIM  ««•«». T<MM».fCl  IMP  .MtMfl 
•IM  OkVCIOt 


•UMIOt 

HUtIM). 

fffMfM 

1 mm, 

MlftMi. 

MVTRfM 

1 UMIIP, 

tCtltP. 

MWtlfP. 

mmm 

s 1011111. 

RTMIlP. 

PTLI tfl. 

MTMIM 

% R*.llfP. 

•MMlfP. 

RlillfP. 

MfHllf 

• ROM  If  l. 

■LI  HI. 

ROM  If  I. 

MtMIM 

• OLIIRP. 

MtlMtlf, 

OMMIfl. 

MRMIM 

TOtlitlfP. 

OfLCIfP, 

RfTlIfP 

fffWWR 

7 . AAIUtfl 
tlfCMIOl  TIUIBI 


|<T<*|P.TfP«MIPP( 

imnn.rn.im, 

a«mii>4Ntiii». 

l(TMH,IWin, 

OmTlIMWIU, 

•4TCMII.HTMPP. 


KIIMTllP.fi 

iMttP.Rtt. 
iMItitPMVIl 
«MTS).T|1U(III 
iTiii.tnii 

iTlMlP.ONtPP. 
<T<M1P.  Mil  III. 
<T'Ml».Mk,tlPP. 
IfMtlP  JOHIIi, 
lTIHIP.RO.flll. 
(TIMIP.MTWUM. 
iTlHlIJMfkdPP 
(TIMII.4LTIIII 
I^OMKP 
MO<lfl».tMtOtlfffP.J> 
HOMItP.IMl.  MOilllP.IPRTi 


flPl.lfCIIP.TCOM'lflPP, 


Kill. 


iTim.nni), 
ITIMIP.PTPMIPP 
lTt«lflP.RttMIPP 
IT(%SII.MUP» 
ITIMII  JNINtll 
iTtMlI^OLHI 


mm  i*i »• 

•mw ip  • Mill  - RMtHinmii 
■lit  1 • • oum»  - mu<h  1 •vtm 
voo  eooTMTt  rot  ooMt  rta  1 

•tip  • mMii/«ONOpp 

•tti  • mwmp/iorwip 
•U*  • tDKIlMOMftl 
•Ml  • COMUP/IOKIP 

m n mtm  cuts*  ru 

IftMIOl  tf.tf  M 


! RRflt 


•It 


I ROM  IP  • COM  Ml  - fOHMlflll  • MWVTPtlfl  • HU(Mt*lfl*"f 
■Mill  • HUT  Ml  - CO«M>’flli  • MUtSTMtm  • MUtMP«tnn*«t 


c fmjrt 

M OR 


425 


AM  I— Cf  IO  infIM  f 


C r«tff  vr  NMMIIOII  f— M— l ff  I t MUHII 

• •nm«  <*fi  • —tu4ui  • nw»4(|i  - — (*t»4tti«4 hi— i 

— in  • <4i  * c— «%!»«••>»  • —1414m  - — «f|i4m«4  — M 

c mb  rm  «— tun  m on  — h>h 

km— m»  • —mu  «•.«•>»  — m 

V»  Ml  1C  4. Ml  M.IDii  1 I 40mi  M— 

M r—m « Ml —.—•••  I—  «MK  «*/w.  «— 

imm  — c cm—  ft  rmt  — •jt.utm,  m rmm 

atm  nm  •4ft.-H.wiT  •4i.fi  — 

MUM  —II 

» I r— 19  - — (Mil  at.tt.ff  MV— II 

V fMVt  — f.t.  1.9  Of 1 ».  —.V.  t.«  9MTVMV 

• — (II  • <KK«i  • — (ft»4UI  • — <4»4<t1  - — l%9l*f»»f  MUMM 

—«ll  • -MkHMi  • — ft)4<9(  • —4m  • 9M(ff»4m*4  —I 
Vif— ill  - MKNM  M.M.fc  9CVTMM 

VI  Ml  1C <1. Ml  CfW.fOlili.— IMI  MVTMM 

M MM  MVfMM 

C r«|T  «v  MM  Mill  MAI w MflM  ».t  MW  nee  M II— f MVTMM 
4 —Ml  • CSkHtl I • — (9VIMMI  ♦ — f«»4lfi  - — I9MHIM9  — M— 
—Ml  • —HI  l - —ttili  ♦ — »4m  - — »4m*4  M— 
—Ml*— Ml  MVMTII 

—Ml  • —Ml  M— 

ITU—  Ml  • —II  —.4  MVTVTM 

4 Ml  VC  l|.  Mi  CfTV.f—MI.— (Ml 


M If  MM  - VI  M.M.M 
C no  MCWr  HUT 
M If— Ml  - —(tin  M.M.M 
M MUClf.Vl  l MM.IM.MM  I4M(9U 


IM»I  M V MVTVTM 


wivm  cjcnao  rm  mm  hut  c—  imimm  . — » 

mm • •.vi.i.ai.iMHUT  rm  mi.h.muj  •4i«.».  — t— v 

HM.HHT  MD  •49.|l  VMM— 

I CMTHU  MVtl  MV 

— •VMM  Mf  19  4XM  MMff  MM.  19  V.9  MVtlVM 

mi io  —i»  rta  rm  n— v mi-h  Mvn— 

—Ml  • (—(Ml  - — (MI4HMI  • — IWI«WMI*4>  • —Ml  MftlMO 
—III  • «— I - — (ill •UMl  • — <*>*V.ili»4l  • —III  — 7IVTV 

MVtlM 

fMdCT  WMM  MTtV  MU—  V MW  V.9  MM  f—C  fAf  IMVVTlNV 


mmii  •pumii— n 
f—Ml  • VT*Mi«— Ml 
fNVtlll  • VflMM— Ml 
—Ml  • — IU4VLMI 
MTili  • — <ll*Ufl IH4IIMI 


ITM9IMII9—  .9— 


MI1C«9.Vl7iiMI9CiMi.— 9.IMI  MVtlMf 

VIT  f— AIMMI.9A19.M.— ••  M—  - mm*  m/IIMVI 

MHCI9.VIVI  MTV,  14  MVtlM 

— —IIM.  — . MM  ICO  MfKf  — — 

/ MV.  — . 14—  —If  ••  HV.t.  «,  MM  •.  Ilf  / MVtl  Mi 
f MV.  Wl.  — Ml.  M.  MTAfICMl,  UK.  — (Ml  / 9MT1IM 
I Ml.  MkT.  I».  OftN.  M.  IlMCf  —KMC.  M.  I—.  —If.  MVtlM 
« M.  4C«C.  III.  OTi— T i MV7IIII 

MUC(94VIM(4LTMI.  Will  .TOW  II  JhM  1 1— Ml— MII.M.9I  MV71M9 
Ml  — t M.  Mll.l.  If  If  .V.  If  I V.9.  VN.T  > MVtlM 

*1194—1  MVtlM 

MV  ff—tfitM— .MT— tki.M.O— flCill.lM.1— flMMK  «U  / MVtlM 
I Ml.  MLT.  IM.  — . M.  IHMf  MM— . M.  IHMC9.  Mfflf.  MVtlM 
f M.  — . III.  OTI— T i MVtlM 

MI1C4— IMOTMI.ICMI.I—  ill— .Ml—  Ml— Mll.IM.Vi  MVtlM 
MUCtf.Mli  MVtlM 


426 


IMMI  MMt  ST  • 


m fMIlM,  — . MOM),  ».  1— urn.  «.  «MN<ll.  9*.  «WN> 

I IMMI,  Mi.  MT«flC  / fi,  ||MMMI<niA.  V.  MT|«ll 

• IMMC4MA,  «.  IIMMMf-niA,  «.  HMMMC^HA.  M.  WTMW 

— ttM—ii<*?fi  I.—M  11.9—111.1—111.1— iii.—iiit.  —11  w 
I MJl  —II— 

— i— m m.  If  I II.  mm.i.  «m.ii  —fi— 

— — —mu 


€ IIIIHIHimmiHtlltlllllHIHIHmiHHHHIlHIIHIIUHimillHMIlH 


C • Mimmiimiiiiiiiimmiininiiiiiiiiimiiiiiiiiinimiiiiiiiiiiiiii 


•i.niMijeiiMij 


•MN  •<1991 

IM  f9flM9l.«— IMIS— 1191 


M# 

9— 

1— 1. 

S— 

— 

1 — . 

M—  1. 

—Mil. 

Ml 

—191 

MtftIMI. 

9— 1991 

— 

—191 

—Mill, 

—LI  Ml 

— 

1 —191. 

flU.1191. 

— Ml. 

— 

— I9M 

— Ml. 

— IMI. 

— 

1 MTU  191. 

—LI  Ml. 

— IMI 

—mi.  —limi. 

LI  Ml 

MM  Ml.  MOM  Ml. 


— tv— CC  Mfli.M 
1— 11.1— III 

B— III. (fill.— Mi 

— II. MCI  II. VO— 

— tULDCf 

— II  — 1. 

MlflJtl. 

1 Ml  II  Mi. 

•«>.»». 

M>«. 

• MMIMTI. 

— wjfn. 

mmjm. 

I 

— Ml— i. 

— IIIJIII. 

• cMitijhr  . 

— I9»  .Ml. 

M—  l— 91 

— 

1 MUM  Ml.  —Ill 

— 1—91111. 

— I — III, 

— I 

mu.  9i in. 

111— Mil llll 

— <— i 

19*11.—  . 

•9*11  «PCTI, 

1 I9IMI  ^Ml. 

19(991^—. 

•9—1.  Cl. 

• 191— Ml. 

imii/ki, 

19—1— I. 

9 I9M9I.1— 1. 

tit— .Mo. 

% <9—1  .Ml. 

I9<— .Ml. 

«• MM.— . 

• I9MI  1.1—1, 

I9M9I JE»t. 

19—.—  . 

• 19—1/991, 
9 I9MM.WII 

<91— .MM. 

19— fl. 

— K 

IMMIIJL—  III. 

—1— llll, 

1 1— IMU.WI  III, 

IIUOMJMIII 

I Iff— I.MV Mill. 

• iff— 1.9—  fill, 

• IT— IS—IIII, 

• IT— iSIUMtll. 
« If— » JLIIM. 


lfll9ll.T9Tllll.lfl1lll.VI 
If—  I— till. 
Mill.  (Mill— III. 
Lftll.  Iff— I— Tllll. 

inti,  ifi—  i/— mi. 

Mill.  If—  1,9—1111. 

III.  Iff— 

If  l MM  l. Mil  1 1 1, 


If  I II.  If  1*1 1 — MUM 

•n— i— mi. 
If—  1.9—1111. 
(TMIII JCTMIII. 
If— IS—  llll. 

If  Mill— till. 

If  II— I. VS  llll. 


I— Mil.  II. 
— tM*.  Ml. 


— f — 


427 


•MfM*  *9V T kltftM 


iWaHOMKt  -f 


turn  mm  «mi 


M MU  • (Mill  - HVHIU/iMnci  • 


Mi 

1 

riM  MM  MU  9M 

Ml 

IM 

m • mm 

Ml 

m *kmi 

Mi 

m • MPMiMMl 

Mi 

M 111  MI.VT 

Ml 

MMl  • KMI 

Ml 

MCdi  • KMI 

Mi 

Mil  • MKMi 

MT 

m 

MUM 

Ml 

c 

Mi 

c 

Ml 

MMl  >1  1 

Ml 

KK  • IMJIKin 

Mt 

c 

a 

I 

\ 

1 

• 

Ml 

C KTIIM  VMM  • MIM 

Ml 

Ml 

ftr  • rtKji 

M 

rai  • nu*jt 

Mi 

rw  • niMji 

MT 

< « 1M 

Mi 

Ml  • MMUl  - KK 

Ml 

KK  • MMUt  - Kit 

Ml 

KK  • Ml  • Mll*tMM-t«lM 

Ml 

KT)  • MM  Ml  Ml  MMl*  It 

•I  tM  aw*  INI  AMI  MOT** 


c vvra  vmin 
m m • rmui 


c *mu» 

Mil*  MUJ  - MU 
MM*  NAM  • Mil 
MM*  Ml*  • 14 1 >•<•(«» -ill • 1 

MTl-  MKOTMMVWtUI 
KMT  • « 


wane 

•Ml*  PPUI  - Kit 


mm  k mm.  umt  euMo 


KT 


Kit*  1MI  • Kll*<Kll«K«M 
Kf>*  KAKK<V1NII 
M • I 


m mv  • rm  • • 0011  /tMii<mt»«i>/Miii*cv  •him 


MM  • MiM 

MM  • MBMH*1I7)^I  • MM  KIlM 

« • MM  KVI  *tf  MUM 

KKMflMHHTlI  Mill  III 

K • tMfIMIf  W -C»V  *>***!  "f  imi/|i<K(|l  MllllM 


«4M*  UCMWCMKIII 

VlfUMl  111.  111.  Ml 
K»  • tLTKM 

Mn-Min  in.  n 


wma  m.  m act  • n 

wi m at.  mi  « «m 


« • MMHM.fM.TUfVi 
VIMM  AT.  MM  MMMl  • Ml 
MM  •« 

KMM  MCMIMMMI 
TUP  - KIM  *•.«!.  m 


428 


I* 

I 


i 


w?*? 


•MM 

nw  ut?im  miHnm  o*m  «t  - mm 

aih  ncucTti 

•jmm 

»N« 

mnom 

HN 

m 

«« 

MCiKi  • TUP 

MiiiMi 

m 

Mm  • act 

mtmim 

•M 

Mi 

CMMI 

MIMIli 

ffl 

MlMWi 

VM 

Mi 

MfHU 

MlilSM 

tn 

c 

MIHM 

tv* 

m • warn 

MiiiMi 

n 

mu  • nm 

MlilMt 

n 

mtr.  m 

MmitM 

m 

m mi  oi.ir? 

HIM  Ml 

VM 

Kill  • Mr  ill ’HUMS)  • MMII 

MiiiMi 

«M 

•(■>  • MCiKiMMlClMCMtMil(iM« 

MltltM 

w 

Hit  • TIIHDPViLVtllM 

Mltltli 

Ml 

Mlfl  • tiMiMMiliM* 

MiiiMi 

Ml 

mr  • mr  • «at 

MlillM 

Ml 

MM  • mu  • Hit 

MiiiMi 

M* 

mr*  mu*  mvti 

MiiiMi 

Mi 

Mi 

MM  MS 

MtilMt 

Mi 

ns  • mr  • mu  • isvt 

MiiiHVi 

MT 

ntsut  • ns 

MiiiMi 

Mi 

istii  • mnut/wmtit 

MiiiMi 

Mi 

wim 

MiiiMi 

Mi 

mm 

MmiMi 

Ml 

C 

C iiiiiiiiiiiiKiiiiiiKiiiiiiu ii ii (ilium iiuiitiiiiimif m ii ii in iiiii u 

Mi 

c 

MMMHC  MSI 

m 

C nil 

i>»iiiiiiiiii)i  iiiiiiiMniiiiiiiiiiimiiiMiiiiiiinimiii 

iniiiiiimi 

z 

c 

•shout  t « Mm 

MttMli 

MT 

c 

mi  nm  > mru.  itnr 

MlMMi 

■i 

c 

n MCT  MML  •Mnc.lt 

MIMOI 

Ml 

Mt 

Ml 


iMili 

II! 


•limiM  KMli.TlIMlJCUIIlMilNi 

•UMIW  MHHIi 
MMI»  M*t<*ii  JMMi  ,m  ID 
•MM  MlMMtVilM) 

I flWM  IM  .mil  Ml  JOU IIIJU  III  ^KHM  III  ^Mtli  III 

• *Miti.MLiiii.mni<iii.ftCMtii).ftstiiii.*cuiM. 


r»"  I ti.fCUii.lt  (lit 

(•<  1 1 .Km*  1 1 1. If  1 1 1 ,rw<WI  1 1 . MCI  1 1 .VC9N*ltl  1 1 . MlMlM 
mi 

XmHIU 

: mimii Amuii.iMVti.OAroHii.iMMnii.Mun 
nuimoct  lfll».MIIMllMll.ftri|li 
CMVMQ  if(«li^lMMIll.i1iMli.nuuill.ltiVni.OM|)l. 

I (TMM I .a<  1 1 1 . lfl«l  I ^VfM  1 1 1 . if  I Ml  l .rvit  1 1 1 1 . (fVTLf  1 1 1 .Mi 

MAULMK  ifiMll^M|ll.lf<MH.MLl|il.(r(MII.MTNUI>. 

1 1 IMTI I .*0*11 1 1 . ( f Ml  I .MSt  1 1 1 1 . 1 Tl«M 1 1 .ML  1 1 1 1 , 

IlflMD.PtTillt 

•MIWUMK  lf(flll.VMMIII.IflMli.fCt|ii.lfif»ll.1Lilil 
nuimnci  lMHitl.lMMiimi.Jl.tlSMUi.il 
: (MflMi^Cl 
: iiciiai.iMii 


MUM 


SIMM)  - BtftMII  IS  IM.IH 
IM  MU  • MM i 

m nm 

m Mil  • (Mill  - MUMMI/NMNCI  - (MfMMi 


C 

c mwum  i 

m IMt  • MVMT) 
Mill  • MWi 
Mill  • MM l 

m m >i.« 

c «r«r  m Mine  i 

■ • i 

MM  • fMtiM 


; * ft 


i 

l 

I 


429 


■ -±  •-***&& 


32i22i22«22li33illil8lil3illillS&EEEEEEEEIilBtllilllalliBlilli*MfMEM 


tm*  uitim 


•<B»  • rtfiut 

•m  • am 
nn  • nnmii 

•<T>  • till /Bill 

* nm  ii t.Mt.Mt 

in  im  • nti 

a*  •«»»  • BBTIJI  - MUI/KITI 

• R&U'  POUI/OII?) 
nn  • mnuittuitti 

inaoi  i » - QArtdii  ni.M.M 
nt  im  • vui'iKflunn 
c occx  tkioocm  tm  mtuctim  cm  tibia 
M HID  • Mtm?>  • nn«<nt>m?M  > 
if  mm. if  .nm  ini)  •out 

•nil  • tllll/|d> 

•nn  • Mu<tiinMii*<cmMi«rMMii**MiM»/nn*<mMi 
if  mu » it  tci  m rcui  • uni 
Iflllfl)  .IT  Mill  TUII  ••««•» 

C OCCK  TtolOOCM  tm  iticnitn 

• TIM 

C «T\F  linnm  AT  VL 

MCI 
im  • 0(%«» 
tm  • nnmn 

f(T)  • MfTUJl  - AtUI/OMT) 

•<ti  • niiji  - AommiTi 
•nn  • AMKSf t»  • nn*mnm?n  » 
if  mm.  it.  oi  hi  tun  • o<n 

c ococ  Txiomt  tm  %mmi» 

•0  TO  MO 

c «n#  I >m  cut  cor  AT  «M 

Ht«  • I 

tdi  • rn*ui 

tlAI  • D*J) 

nn  • mm 
mn  • mti/mm 

till  • WTMI^I  - PCtJI/OllTl 

tm  • *ch<ji  - fo<ji/ouTi 
tun  • «0tmT»  ♦ n»i*mtim?u  • 
tfm1n.if.0un  tun  •ou i 

C HfT  NID-ACCL 

Mt  niti  • cowit7idnnu i mm •<*<M>*n*i •«/<•(/ 
imn*«ctuiti» 

mn  • (MMtndrmiiimnuwittimtM^MHni/ 
Hi|i*Wi|i> 

in  mu  m.m.m 
m if  mm  .tf.  nam  nm  • mu 
if  mm  tf.  mm  mu  • nm 

tO  TO  Mt 

v*  nm  • mn/couiM) 

ifm«i  .tr.  mtii  nm  «nm 
Mt  ifmm  .tr.  vcuti  tcui  • mti 
if  mn  * .tr.  Kim  nm  • ntu 

If  if  - «i  Mt.MI.ttt 

«M  COTTIHC 

wm  •Mft'im.ii)  - Tciuimm/mm  • tcuumiTDti«tn 

«fUM 


cmiuiMmimiuimiiiHiimiKifmKiKmiiiiiiiiiiHKMiuimiiiii 

€ IMUfM  OUCTf 

C nmiiiiiiiimmimimiiHiiiiiiimiimimimiiMiminimmmii 


MBOUTIM  MCT« 


ihmmmi 
UMINT/  Itltn 


M\Kt  Mite II Ml 


MllMlt 
MIIMM 
Ml  I ttM 

MlltMt 


430 


1 


!*l* 


wu ** 


Mmvt  wur  ii«VM 
um  m m« 


via 

VII 

via 

via 


VIV 


a 


c 


•lliJMIH.tVlll.V 


Ctll.1 


II. 


Mill 

Mini,  anp.riuiiti 

•UIVII.MMIII 

nmaa  iTin.tciii.tviitit.iariiii 
■miaa  ifmi.191 

MM  ITlVllt.mil II 

■mm 

MM  ITtVtl»,MMl»>  .iTtWllUm  Hl.lfiMlUBNlll, 
HVcaMIJMHlMTmt  JMlIIMVmiJMlItl 
MM  (Tivnt JUMlM.lTmi.mil). <f«VMl.M*ll! 
■MM  lTl9tt*fCllll.lflV9ll.1tllM.lTI^II JMTIIII 
■MM  IT«M»II40«I)I 

MM  IttMlIJMIM.IIIIIItllMIII.MllWIMIII 
M«M  lTlMt1I.MN|)t.<TllM).fKt|)I.ITliaill JMdtt 

■MM  MlMMl 
MM  mail. Kit 

■MM  Mim.ll.MlWJ.MlWMl.MlItUI 

■mm  miui.mt 

MM  mmt.IMi.mil9MCi.iMcilttMl.Mliat.Ml. 

imiMi.am.mm.Ki 


■ •mu 


m •mo 

M • M 


mm  wijc 

i • t 

- It  If.MJi 

t«  ir«m  aiji.VM 


IfMmtl  - 9CIVII  Mtu 


mi  m mmi  • amtt  • amt 


MID  1 


Wl 


TM  Kim  - * III.M.M 

m via  trim  • at  vm.vm.vm 

m mi  mi  • a 

m vvriit  • farm  • farm 

vf»  9mii  • mmi i ♦ am» 


via  mi  lariat  • rariit  • rami 

m wtmmt  - varntt  Ma.Mi.vaa 


431 


5 

} 


" rvU* 


1 * 


wmm  ukm 


*ii»  • 
Mil  • 


mti 


Hit  • Mi 


MIMC 


C 

ms  irnNiMtMM.Mi.Mi 

Ml  tMimt.TIt  I MUM 

A MMIHHUMM*  MU  • IMII  ••/ 

WMMHCT  MINN 

im.NM.W.INI.M.MMWIJM.lNjNM  MINN 

mhm  s.m*  miiim 

m rwmmnMn.*  minn 


MU  • Mi 
4 • IC  • I 
m tat  i*u 
tfVNHi  • NMIINMIII 
fM tm  • mini  • emit 
Mim  • mitn  • urn 1 1 
Mil  • Mil  ♦ MMIIHNMM 
f CNNflNC 

•MUM  • mitn 
•MUNI  • MII4NVNM 
NWII  • MLN 
NfWttl  • NAIM  If  I MU 


tllMM 


Ml  I ININ 
Ml  I ISM 

num 

MIIIMN 

MIIIMN 

Ml  I MM 
Ml  I MM 
Ml  I MM 


Ml 

MC 

MS 


Mf 


MS 


Mtnvif.ii in  imkmmmi,ini  mhiim 

llll  IVMIIWIJIN.NJNIN  BJCtl  . IN**  -*/U  «MIM 

■MIIVM^II  MN  Ml  II  III 


l».INiN  m MI.M.I0NMI  MM  MNM. 
MCM.MI.MMA.  .W.NNMIlt.MI.NNIIMM.M.MNM.  .M.MS.1N. 
mCN.M^NN.M.NNN.Ni^CL.Nl^Cil 
M1««#l  tlMMlMMi  JMllAli  JMt|iNiJINHMi. 
NN(IIJNilUMIlJNlllASII>JNm.M«l 
• m«fllN.I«Mi 
NNVNJN 


m nnnmis  m.mbn  .w«mcva»  •nmmn.m. »m. 

WUN.N.MNNI 

muvun.mi  iiMMn»Mt.Mmiii^mmiam.«iMC<ti.i«ijKi 


MIIIIVN 
mi  iiim 
MIIIIM 
Ml  IIIM 
MIIIMN 
Mil  MM 
Mill «M 


MIIIMN 

MIIIMN 

mum 

MIIIMN 


m mwiiM.iy.rii4i 

MNVN.NI  NNNNC«ft  .Ml  1 1 1 .ftltfll 
M NNMI  / M.MNUrilJ  t 
Ml  MM  NMMV 
NT  MM  H <N  .Ml  NV 

m rCMMtMi.Mi.ICNCIUI  UN  •/».!  I 


MIIIMN 
Ml  I ISM 
MIIIMN 
MIIIMN 
MIIIMN 
MIIIMN 
MIIIMN 


Ml  I ISM 

MIIIMN 


IIHIIfllllltCIt  < IIIIIIIMIIIIIIMIIIMIIMMIIIIIIIIIIIIIIIIIIIlfmimiH 


•iiiiiiiiiiimiti»)tt»iiitiititii»ii»iittitiii»tiiii»iiiiiti»t»iii»i»»iiiii 


c 


Ml  TIM  SI 


[MMNVVI 


MIMMi 


MIMNM 


432 


r r— 

t, 


IM  llfVM 


AM  MUCf  MN  MtVpi  MMI 


KIM>  .TtMtl  Mi  Mtl  M«M> 


I l«l 


•HUM 
•IMI 19 

•mm 

•HMM 


Ill.MlM 


lilt).  MIHIM 


Mill 

1 1 JMM 1 1 1 . MM*  • jmmt  n . 
<TII»«f4t>MTlt9tl,fttl|ll 


III.M4III 


I9IMU4 
Nil 
IfltMtU 
If (Tift  4 
I ft  Til  1.1 
iivmiiMfun 

MMIll.ll.MlIttl^.MlINMI 

*m  i it  t.mi  , mt  1 1*  i.m»  . mm  i tt>  jc  i 


•III  -Mil 
•Ml  •MU 

Vim  • t»  MO. Ilf. Ml 


im> 

l Mil 


•mm 

•mm 

•mm 

•IfMM 

•I1MII 


•II 


•mu 


in  vimiii  • mnmitii  m.m.m 
m vimit  - mmi  m.iM.m 
im  mii  • mmimi  • mu*iim 

•mi  • «MIMi  • MfllH 

mnm 

m vim* m.m.m 
• mriCA  turn  - «nr  m lautm 

m vim  si  • Amiini  m.m.m 
m vimn  • mm i m.m.m 
m mii  • mmimi  • hmmim 

•Ml  • MMMimi  •■MUM 
C fMMLMf  ICIWI 
m MM  • Mil 

VMMMimn  m.m.m 
m v mm  m *m.m 

m Mil  •Mil 

c mml  Me?  mmim 

m MM  • mil-11  • I1U  Ml  • vet  1*1  )!*«*•>* 

MMMimiMlII 

MM  r mill  * (Kin  - VClIllMffMMmmiH 
MM  Ml  • IMM  • MMimtlMLmMimmMMi 

mnm 

< mmp  —mu  mwirm  m Men  mmm  m 

m mm  mi  • mni ♦ mm  • KuiiM—Mnnmitiimi* 
Mim 


mnm 

mnm 

•imii 

mnm 

mnm 

•tmn 

mnm 


i-iii* 

immiM 


•urn 


mnm 

mnm 


•mm 


•m 


433 


| 


i 

| 


i 


’I 


f 


MM  LlfTM 


AW  MMU6VMH  MWM  MMI 


C lllilllftlllltllllllllllllUHIIIIIIIIIKftllHIlimfHimtIIIIHtHItlllll 


t iiiimmmiiimimimimmtiiiiiiiiiiiimiitimiiiimiiiimmiii 


winoi  m mm  in 
it  wmm  aim  lmm  m imi 


I /MINT/  AIM) 


KAMI)  .TUNA!  JCl  IMI  «MM 
IMUlNt 


Ml 


Ml 


•IT 


Ml 


C 


Till  I .Mil  I • Wiil  I .SNA!  I MIAMI# 

Vtltl,AliltjWftl  MMtlM 


MMMUM  IO4II.IO0NtlMTl|>.ltMMM#IM.iK<l>.feM(AI#|ll.  MlAttW 


INttll.fMMAMIII  MNCIM 

MMAWMITIII.MIII  MIAMM 

nn«M  itiAi  i *f#i  • itf%t > ,m « imam  j#i  • imaai  «mi  • mimit# 


OU1WUKK  IKIMDAMIID.ITIIMII JONIIMf<ltAII,W!|l), 
Ilf  I IMII.AMII) 

mnmmt  imwi»,w<in.i?ii»i>.»un,miwi>  juun. 

|(VltA*|I.WMllMVllMll*Wt<llt 

MUlWtlNCf  lTllMll»ftlll.lTllMI>.ill»>«lfllMM.Wt|l>» 
|lfltTWI.M(ll> 

CMIWIMK  miMD.MUMTilMAKAIIIMTlIMTtMMm 
MM  m*M  lMtlM».M.<MflM>MMM«IMIAl. 

ItMUMtiMO 
MUimUCX  iMmil.lMTl 

MflVHM  lM4tl#l.l#MMlll#>.IITl.iM4lM).l€> 

M ••  M.Ai 
MU  • MMI 
I#  6MVMC 

Mill  • Till 

MU*  • fill  ♦ rvn*» 

A • Ml#  • I 
MM  IM»K 

MW  • TIMI  • ¥11*11 
Ml#*  • tIMt  • IIMI 
MCI*  • fMMl’4  • Mitt  •«•!*•.§ 

Mil*  •rMMM'MItl 

Will  • Till  - 

Mill  • fill  ♦ Mill  •*<!#> 


MtAilM 


n 

W MM  l«IM 

m m • 4 - 1 

Mt  WOK)  * • Will 

tit  mimi  • Mill 

M#  MCMffMC 

Ml  MMM.IW 

#M  WMII  • IWIMI  ♦ Wllll/Mll 

Ml  MMH  • IMI  Ml  ♦ MilH4Htt 

AW  &M4II  • IIWIMI  • Wll»««t  ♦ (MIMI  - MllllMtt**.t 


Ml  C MWBWC  AM  MCTUN  MPMTIM 

MT  MM  M.WT 

Ml  Mil  • Mil  ♦ MM II 

Mi  MM  • MM  ♦ MlllMkilll 

Mi  MM  • MM  • &M«  1 1 

Ml  MTI  • MT»  • WMMMMLM<ll 

Mi  M MW  MS 

wm  m • Mii/Mii 


434 


\ 


frf  HRW**1**1  - 


# 


MM 

MM/f  Uff  IM  MfBPVBM  OMIT  BIT  • MM  AIB  DOUCTIQM 

CM  >0 

••••  OOlDOfTt 

MM 

M» 

m n M.irr 

MIOOBOI 

’ BM 

B4BI  • BIB)  • (Mill  • m>*’f*BLMll» 

MINBOBO 

BM 

BflBBMI 

minmtb 

MV 

MM  1*1. 1C 

MINBBM 

BBB 

Mil  • B4MI 

MINOM 

BM 

Mil  • B«Ml 

MINB9M 

IM 

•Ml)  • MM) 

MINBTIB 

IMI 

M CBNTMJI 

MIMMB 

IM 

MM  l*.K 

MINBTSB 

IMS 

BB  m Mil 

MINOT* 

IM 

BIM)  • TIJ)  - TOII 

Ml  NOTH 

IM 

BIBS)  • IUI  - SOI) 

MINBVM 

IBM 

Ml)  • Bill  • BIMl 

MINOT* 

IBB? 

Ml)  • Ml)  • BIBS) 

mwm 

IM 

•Ml)  • Mil  • •ifBl'IOlll  - MODI  ♦ fllSl’IMlII  • MODI  MINBTM 

IM 

M CBNTMX 

MINOM 

IBIB 

BM  COffDUE 

MINMIO 

lilt 

NMi*  i.irr 

MINBMB 

IBIS 

BUD  • (•Ml!  • •HDIIiMif I4LMH I 

MINBBM 

IBIS 

BIM)  • BISII  ♦ SICTI 

MINOO* 

ibin 

•ISD  • BISII  ♦ BlfTDlMUl  - 2211 

MINBBM 

IBIB 

BiSti  • BISBI  ♦ BiCTinfiili 

MINOM 

IBIB 

m CONTI  NUB 

MINOBTB 

IBI7 

BB>*  BlSBl/fiB) 

MINBBM 

IBIB 

m • • Bill  i/iibi 

MINBBM 

IBIB 

NB  • - B4MI/1IT) 

MINBBM 

IBM 

MM  1*1  .ITT 

MINMIO 

IMI 

BDII 1 1 ■ M * %0«TMHl  ♦ NMIMIII  -Qtl  • 

MINOBCO 

IM 

IIBNII)  ♦ •MDIII/Dlt) 

MlNOBSB 

IBM 

B(M)  • IIVIM)  ♦ vt|l)/0<t)  ♦ NDlSDLBU) 

M1NBMB 

IBM 

•IMI  • H*t*|l  • Allll/Mtl  ♦ X»/BLB(|) 

MINOBM 

IBM 

Will  ■ •(MlMVIDI)  - Till)  ♦ BlCBl«<Sll*ll  - Kill 

MINOMO 

IM 

Mill  • BIMIXTIDI)  - Till)  - ilMDIStMl  - SID) 

MINOBTB 

IBB7 

MCONTINUC 

MINBBM 

IM 

C 

— BNUMD1NT  OUTWT  ••• 

MINOBM 

IBM 

If  ItBlMUM.M.O* 

IBM 

M MITtlB.BD  l.O*.*.tt.O<Cl.Bt«l 

MINIBIB 

IMI 

•1  fOBWTIIMI.NCR.m***  DUCT  FMC  DATA  •••XU, 

IBM 

i c in**  nme  - ibimi  «•  s/nx.tmectioi.is. 

MINIM 

IBM 

INX.tflNUNIT  mWOMTl.SR.OM  - .ft.  S.  JR  .WOO  • .fB.S.M.NMO 

MINIBIB 

IBM 

vb.s/njmoojct  fotiicn*  *^.i,u.imm  bebdctio  •,ro.s//tx. 

MINIMO 

IBM 

SOCUT^BB.*N.  I^T.BR.IMK.BRANB4BC.#aB.TX.MLB»BK*OBO»BR.O(ZB, 

mini  m 

IBM 

NTR.MVPB.Ty . U&t  .1R,N*LBFI 

MINIM 

IBVT 

MHTCIB.M)  (I.TIII.SIll.TBlIIJBIIlAJlD.TBlII.MItl. 

MINI  BM 

IBM 

ITBBI 1 1 .Ml  1 1 AJfl  1 1,1*1 . Iff  1 

MINIM 

IBM 

MfOBWrilB.IVIB.il 

MINIM 

IMB 

M CONTINUE 

MINIIM 

IMI 

BETUBI 

MINI  lit 

IMS 

OO 

MINIIM 

IMS 

c 

IM 

c 

miiiiiiifiiimiiiiiiiiiiiiiiimiiKimiiiimiiiiiiiiiiiuiKiimiiiiM 

IN 

I*? 


IM 

IM 

Mil 


iiiiiiiMtnMiimiiiiiiiiiiiiiiimiimmimnmiimmiiimiiiiiiiii 

MlMIO 

•mm 

bOIMBNB 
Ml  MM 

MlSOOTB 

MISMM 
MIMIN 
Ml  Ml  IB 
MIMIM 

Ci(M,fCBm|IMV<|I.TeaMaMMMR(|l.rCQNiMBIII.  MIMIM 
II.TCOMNMIII  MIMIM 

MIMIM 

irni.Bun  mimim 

ir(«utMtiiMfiMiiJM<iiMitaii.Monii  mimim 


•IKMIQN  MMMl.fiaMl.aetMBt'MHMBl 

NMi  OHM) 

•DC*  I*  MBOOMOBHBlJMCIB) 

•I*  MMB)  .MlMl  ASM) 

I Tltlt.KBIl 


435 


| 

I 

j 


~ihs  ilrffeft*  A^R?* 


iiisfiisBKsiiiiiiiisiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiHlaisiiiHiiii 


ii/nm 


tmn  list iN§ 

*Mf 


aim  iwucficH  tvsTm  m mi 

H(  I 


nuimoci  «ni«n.Tt<in,ivii»ii.aiii>.iT(iaiijLS4iM 

OUlUUKt  «T 1 1»|», TIHMtnSWl.il in 
CttlWUNCZ  <*•<  lift. .H.  <*©<<«>.*>.<»©<  I*  14.1. 

INHISIIJII 

outmjMcc  ociitoi.iti.ioniti.im 
Sl»l  • MDfLI 
SOI  • SOOlL l 
SIS)  • MOIL) 

Sill  • SOI  » 0<1SI4<SHS<H  ♦ SIT) 

SOI  • IS 
SOI  • S< IIOOI 
fill  - 0<*M 
III!  • SIS)  ♦ SOI 
SO)  • 01  Si  > 

•171  • OOt) 

SOI  • 0<Wl 
I • t 

irisisn  ISS.ISS.f 

• SI  IS)  • SltlOlf)  •oil) 

■ • INTO!  IS)  I 
If 1**1)  1.1.1 

S SOI  • SO) 

SO  TO  IIS 

* SO  S >1.* 

TIJ1  • Toil  ♦ SIS) 
mi  • ion 
S COMTlNUt 
I • *♦! 

SOI  • SIC)  * TIKI 

iso  trison  sos.iss.ist 
I St  SOI  • srsi  - SO) 

•III)  • SOIOIISIOO) 

trisisi ) * son  iss.ia.iss 

IS!  SO)  • SOI  ♦Sill) 

•0  TO  SOS 

its  s< it)  • out)  • sonoisi 

C - IMT(SHSl) 
if i*)  os.ta.t* 
i a si  id  • soiooi 

vii>  • soi  ♦ soioiNonsn 

till  • SIS)  ♦ SO) <OOS<S<ISI l 
SIS)  • sill)  • SIS) 

I • 1*1 

SO  TO  ISO 

1*  silt)  • SOIOOI 

•US)  • si  IS) 

Siiti  - SOiOO) 

Til)  • SOI  • SOIOIWSIIS)) 
fill  - SOI  ♦ SOHOOSISIISI) 

■ • *>i 
I • l«l 

m iso  >(•* 

sill)  • sill)  ♦ SI  101 
tmi  - soi  • soiomontn 

ZiJi  • SIT)  • fOlOOSOUSlI 
ISO  CSfTIWZ 
i 

SO)  • <0<ISIO<SI  - Si  IS)  l«SO) 

vs  if  nun  > m.ses.  u] 

M SIS)  • SOI  - SO) 

SuSi  • ISIS)  - SOIIOOI 
• • siisi 
H OI  SM.SSO.OSi 

m tiii  • soi  • soi 

III)  • SIT  I - SO) 

« • 1*1 
I • 1*1 
SO  IS  >1.* 

VWI  • SO)  ♦ SOI 
ZUl  • ZOII  - SO) 
m SMTIMC 


436 


liiilfilliiiiaiiiiiiiillliiiiiimiiiiisiliiliiiliiiiifliilililiisiiiii 


-v'vuh 


rs/ir/m  iimt  listim 


«T0n.OM  CMMT  SV  - Kff  AIR  DCUCU9I  MW  ROU 


JHD  NO 

••••  eWTVNTt 

•Ml 

IIM 

RlRi  - XIJI 

Misaaoa 

IIS7 

MR  ■ • M ♦ 1 

MISMM 

IIM 

TUI  • SIR)  ♦ till 

Ml  SMI  a 

IIM 

Rid  • RIM) 

MISMM 

IMR 

■ • Mi  ♦ « 

MISMM 

IWI 

M Ml  Ml. It 

MISMM 

IIM 

m • ac-t 

MISMM 

IMS 

TIKI  *711) 

MIS0RM 

im 

loan  • -im 

MISMM 

IMR 

Ml  CMMX 

MISMM 

IMR 

K • fit  ♦ | 

MISRNR 

IMF 

RR  MR  1*1,1# 

MISIRM 

IMR 

Ml  • jf  ♦ 1 

Misiaia 

IMR 

TimA  . TIM) 

mi  si  an 

IIM 

Man  • - si  1*11 

MISIRM 

lift 

1 

i 

MISIRM 

IIM 

■ • MM ♦ f 

MISIRM 

IMS 

RR  MS  1*1.1# 

MISIRM 

IIM 

m • k-i 

MISIRM 

IIM 

T(«l  ■ - til) 

MISIRM 

IIM 

loon  • tin 

MISIRM 

IMF 

MS  OONTIMUK 

MISIIM 

IIM 

RR  RM  1*1,177 

MISIIIR 

IIM 

Mill  • (Till  • Tll»|l>/D(|l 

MISIIM 

IMR 

Mill  • (HI)  • l(l»ll)/R<tl 

MISIIM 

IMI 

Util  • 1(711*11  - 7(|)l**t  ♦ ltl|*l)  - tl  1 ))**#)**.# 

MISIIM 

IMR 

•aa  cmtinuc 

MISIIM 

IMS 

RnilRI 

MISIIM 

IIM 

00 

MISIIM 

I MR 

i m 

I MR 

II1R 
IIR 
ll« 
■171 
IBM 
II7R 
111 
1177 
II* 
111* 
IMR 
I Ml 
IMR 


c iiiiiii(iiii(i<iiiiiiiiiHMuiiiiitiiiin<iiiiiiimiiiimii((iiiiiMiiii<i 

C MMUTM  mom 

c iiimiiiiHimiiMmiMimiimmniDimiiiimiimmmmnimn) 


mnouthc  mn/i 
nut  prof,  fit  • 


••NCVISIM-aS-RIMR-MD  RUt.  PROF.  TITVX. 

REVISION  — il-ll-M  — MM  LOO  1C,  UMtAM.  NO  PRINT  OR  RM 


RHOSKM  FtfRMl ,TlM00l ,0C<  IM) .KHfOOt 
RIIMIM  IMdNMMllMl.TTlMl 


im 

IMR 

IMR 

IM7 

IMR 

IMR 

IMR 

im 

IMR 

IMR 

IM 

IMR 

IMR 

IMF 

IMR 

IMR 


KR.1 xm 
IRUNB 


BRJIULDCt  <OMI.TCam)MVlt».ICOmMOIIl.<OC<II.IC*fi«ilOl>>. 
Ill 

«TiiMM,**tiiMfiiMii.mii>i.<T<Miii.nmi 

(MX  It!  Mum  im  ,KI  ,<MX  Mmi.ll,  (Ml  INI  ,NI 


• IR1  1*1  .IM 
Nil  • Rt#») 


MR  RR  MR  l*l,M 

Ml**)  • RttMtRl 

in  ORiriNt 

RlRRilRM  Sl.Sl.IRt 
si  ithmuiri  - nun  «.i».» 
M MIM(R*M)  VTill.tTiti.lMillSi 


■ HRl 


NOP  ••*.//«(. RtttTl  m. , 
ONfILC./IW.IB 


F.  ••T7.I7 


437 


5S3i§Si$ifi$iiiiiii2Hiii2i§i22*ni§2*i95§33§ia§33i3iii5iii§iiiSHH!iH 


«tn«  oytt  «r  - mv  *j«t  imuction  mtw  mu 


tt/fl/* 

MM 


IMVT  kttTIM 

*•••  ewrim  MM 

I*  M III 

■a  • m - m 

tf<0«<«>» 

lit  IfifWiMi  • f?«l»l  III.IM.IM 

iti  cwthu 

Min* •. ii i nut.niffi.nodM) 

•i  rm*u/f//t%xtm»”  mn.  icmputmc  ohm  •••,*/». ooun.  no.. 
in.l.tl.MrtOVOUnjC  If  RYM  or  TMU./IM. 

It  MOD  W.  • .fM.V.lOOfT  W •.f7.ll 
m TO  IM 


MllfttO.fn  TTl|I.TTl|l.TW<KMMl 

lM«*M»fl 

M 101  1*1  .M 


111  ON | *70*  • nOUMl 

nm  • ifNiMi  • mm/iONMi  - mm 
•0  IM  1*1  .** 

OHt*M»  • TNl|«Mi  ♦ TTl|l«imi|*M>  • 
IM  OMTIMJC 


C 

c ••mocm  mic  oava*" 

|»  ON |»  • TTllI 

i it  mm  • mm  i 
oniii  • oem 
on  ini  • o©m 
mini  • ooini 
ONfi  • mo*i/mm> 
mm  • m<M> 
m<o»  • miNii/miMi 
oniii*  miNfi 
oniii*  on  on 
muti  • Onnoi 
ir  ion i«i i hi. in. tv 
hi  mun  • muii 
iw  muii  • m<N7t 

ir  ion  in  > in.  in.  i* 
in  muo*  • muii/0(M> 
i*  mu  7»  • miNfi 

ir  i mu 7i i m.iM.iv 
in  mu 7i  • oi«i*mco» 
in  mim  • mifoi 
on  iti  • mm  I 
ohm i • mini 
c 

C IT  DATA  mi  cor..  » TM. 


IM 

mii«Mn 


1*0  N ■ I 

00  IM  1*1.7 
TTU«fl  • mi|*lli 
INI  CONTINUE 

c 

ini  mci  • mu 

TTUH  •ITTUII  • TTlfl  1/flNI 
HIT!  • TTlfl  ♦ TTlIfl 

moi  • rmi«mifi 
mti  • moi.nun 
mn  • mni/mfi 
nun  • oi limit) 
nuTi  • nnn  - mm*mm 
c 

C "MOMU.l.ti.  u.l.fi.  II .*«§»••• 

INI  tf  Iff  R*l.l 

ONRMIft  • flfll 

mm  • mam  • mm«niR*iii 
mm  • niiti  - ttir*i it 
c air»,  on 

inn  omn*iiii  • Mfmu7»/mitM/mm 

onrmmi  •Miunnntit  • ttirmimonrhiim 

c 

C MV  MM't 

tNf  mm  • tut/iTTitfi  • 0N«*iMi*miR*tiii<cvi0Ni(«iiii*miiii 


438 


!!!!l!!ll!ll!III!lllll!llllll!llli!!I!S!l!!lll!lll!l)ll 


CHMT  S|T  * MtT  AIR  IKXJCHQ H «T|TtN  «OU 


•*/*0'N»  IMVl  iltMNO 

C4RD  NO  ••••  C^rtKTt  •••• 

Ttitn  •o«n-  Ti<n>*fT< io> 

m(R*l|«l  *TTl*| 1*771*1 » 

00  Hi  1*1.0 

TT lflt>  • fT»|§i*TTl|*l§»  ♦ TNIK*IIO»*CMlTH(K*llti*TTi|*IOil 
TTlfll  •9111  • TTl*tl/Tfl|*ft 
TN(«*IIOl  • THlK*|lO>  * TTl*Jl*TTl*J> 

m ewTiwx 

c 

c *«it  curve  •• 

iio  tr it  - ri  ni.iio.iio 
11#  tr  ITN(K*|IOi  - fTl*»»>  110.100, too 
Ilf  ?T4*M  * TNIAMlOl 
mu  • fHiR*iMi 
mu  • m<R*n«> 

100  CONTINUE 

c 

C ••TfOT  roo  TD4I0N  OR  CDWtHIW  rjT«* 

irtN  • ii  ioi ,ioi. ioi 
101  N • « 

TMiii  • mu 
iniii  • mu 
00  10*  1*1.7 
nu«fi  • mu.»i 
10*  COfflM* 

00  TO  in 
c 

C •••TCMION.  ICVC  octqrc  exit*** 

it]  iMiT)  - mu 

TNiil  • TTfll 


OIT 

100  «TVJ» 

oc 


OMROUTIK  RATI* 

mn  mimii  mini  mini  iimitiiiiitimimimimmmiiiimiiiim 

MOOT  IK  IMTLRt 
T*TL  MGR.  RRINT  turn 

•••ACVlOlON— 01-tl KD"AC0  RATV  MOR  Tint  MINT  ••• 


imt 

IM 


qwm  Tttrmoo) 

c 

0 IKK  194  01*0001. TfMOOl.OCt  1001. 101*001 
DIKKION  170(1001.  TNI  1001. Ml  IOI 

c 

f*ll*UNX  <0(  1 1 . TC941 111.(7(11  .TC*H*001 1) . IOC  1 1 1 .TCONHIOI 1 1 . 
IH0III.TC8NI1OOIII 

ttUhMLDCX  <Ttt*Oll.T»«(|ll,ITllSOII.TNini.(TlO>m9).M(|ll 
ttltWUKt  (70<OOi  .I#i0t  I . ilCiOO)  .RATVI I 
miuuKS  ii0<ioi».t),i*iiit>.ji.iwiiMi.Ri.iii>iiooi.Ni 
auiVMkDCf  HC(IO?>.MI."OHIOl.«n 

c 

c 

C ***RRMT  TlflfO*** 

oo  riiio.io.ioi am 

00  MIITCiO.il I II.MIU 

•I  ra*KtfllNI.OR.*#OINT.Il.if»  «K-»»-0UCT  NATCRt*  DATA.  . 

1*0*11  K,. I I.K4-**-, | BI  JIN* • MURK  • IRlill  **l 
it  rOMATl  tm  .M.V90INT.  ll.OtX.I*+-*MUI*  NATCH  I A.  DATA.  . 
tONtfl  N»..ll.1»>**-.IM.tlN**  MflRt  - IRlill  ••» 

a ro*wriiwi.iR.**otNT.ii.fio.a**>o-«Mcau  natcria.  data.  . 

1*0*91  tt.  .11. **•««•. III. tm**  NAflRt  - IRlill  ••) 

M TO  100 

MMlHli.it I II. NAM 


439 


nnnimmmmmmHnHHM 

iiiiiiiiiiiiiiiiiiiiiiisiiiiiliiiiS 


H*ff  LI  STM 


mnm 

* MM  ft  MAH  IIJWU 
im  mutc  f.m>m 

IM  flMtf  <l«M.W.«U»'IMAM»t 

c 

IV?  MM  ft  M.  I til  1MHi.INI  1 1 1,  WUfl 


* • I 


•i«  ii.Kti.i.rm.i./t*  mm  ta 


lAlt.MN.ll 


Mil  TV  ti.llt  lBMll,HM*>,fM4|)  ,|M  t%)  ,VHl  lt>  .TNI?)  ,1M§i  .IfM#) 


a HMMi  mti  nm  rai 

nt»  r«ii  rwi  rm  » 


mim  ia 


I.Mlf.i.V’li.H 


IM  MIlTt 

III  MM  ft  •i.||»l1M|*>|l.l*l.l%l 


MM  ft  M.liVlftMItl.lM  Mil  .UNIT!  I 

ratMi  itM  ns**%.i.m  rm**t.i,»  raiKt.oi 


Ml  MM!  f#M  M®» 


Mt  mw  im  a.if.aii.ti 
Ml  Mil  ft  M.MVl 


a»»i.a.i 


MM  ft  l«AMMI.«aMI>.iMI^I.I> 


M»  Mil  ft  MJtll 
Mi  fMMtf  IM  M.li.lVa.NI 
MNTMIA.M 
a • a • • 

Mlllt  «AtM.il«ilMM.l.li 


€ IHIIItltKIIIIIIttlflffllflllllllllllllltltlllMllllllftllllllllllltlllltlltl 


c 


C Muntx  f|  MMKM  MV 


9wamm 
•tMWCMMl 
•NMia  TDMilil.lDlllil 
lUMM  MIKM) 

wmmm  **<Mii.fMtw».n<Mi.fi*<iMi 

mmw  fMMMiAWLiiii  Anwnii^ciLiiit.rwtiii/MLiiii. 

muH  !•»  jmjL*  in  jo*  i«i  jl«  •••  J*n*  ii»  Mi  iii 


: maiMNin 


440 


9S/99/7* 


1999 

|9C. 


1997 


I9» 

Mil 

I9J9 

Ml 

K» 

*» 

Ml 

mu 

*■ 

t*u 


mi 


mi 


MM 

1971 


1971 

MM 


IIMA  listiio 


A/WlOl  OtfOf  *1  - M9  MM  (MXCTION  «VttOl  PCOUU 


linn 


lOiMli.OATttlii 

<Tll99l».MO<lll.  IT!  tail.  VHlIM.iniMll.lTlIM. 
ii.imuii 

CMmoo  iTr99ii.rfiM<ii».tTi99ii.riu.«iii.iii§iii.rcYMiiii. 
1 1 T Mff  1 1 1 1 1,1  T i«  1 1 ^UMi  I M . I T <fll  l < 1 1 1 . 

mtmi  i .&(  1 1 » . m«i  i .nciMf  i n .if  ian  ^«iti  1 1 1 

Iff  fill  ,19401 

i»Of99>  ,1 wn,  l , (IOi9t>.flAfLI  I 

iWillti.li.iiOi  l«i  .j».mo<I9Si.oi.iio«io«I4.i 

KIMI.MI 

HOI  1971 . 1 1 1 . HOI  IWI  .Ml  .llO«  IMMKI 
uoiii9i.no> 

UOUISI.OOH 


•9  999  11*1.9 
■0  199  J0»l.9 
BUJ  - II  |9.I9.«C 
i niti  • iDuim  - c&m»> 

•••  b fpo  boot  ihw  aon.  itita.  m mm 

— m 19  LOOT  T«1  TDMOUVUC. 

irinitl  XT.  « •>  TTt«IW9.9 


I tflVDillll  - ID9KIIII  : 
I 00  <9  1*1.90 
fio ( i *oi i • Twin 


M9  COMMA 

• MM 

■ ttioi  • mini  - tu  mi 
irinm  xt.  bo  •>  nuMoe.9 
mm  am  wi.i 

TTUil  • mti 
IT  MB  - |»  99.99.90 
90  Hill  • OATf (MK*IOl 

09  10  119 

m ar mb  - «i  tt.it.To 
m 09  n 1099. 999.fi.fr  .999 .909*.  190 
fr  r«o*i9«iB*»i  - min  m.m.m 
• mil  * 

09  «•  119 

10  BNMftnn  909.999.99 

119  MBtl  • nin 

B MOOLI  I II9.M9.IIS 
IIS  BIBB*  - NATUI  119. 110. It# 

119  IMfU  • I 
C 

c ••mm.  m tmm  - mtm  coot  mw« 


Miifcio.iiti  fBivt.mii.niti 


lit  fMio  «90i-  ••mm  tmn  amm.  osin  mail  m.  i.***  ./mom. 
iissmisoh 
c 

c mm  mail  *cow 

IM  BS  - ffiAlLl  • 99 

Ml  OMOI  I.MOl  1 1 ,S99.  Bll 

C 

C BIT  «D*0UfUCI  fW  *9.10  BUS 

BiTTifN  lM.lfl.lf7 
IMMMKI0.I99I  MIL  l.fTlfl.MOl  lift 

IB  MOW  IM-  TDfOUniV  DM0.  NAIL  IB.  .TV  t.O<  OUD. . 

B7.IJBRI.  409*0  IDO* S7.l.fr  K0.I 

C 

c **mi  rtor  090WUI*** 

mti  • MOdifi 

C •••tMOBOLAlK.  rtf  BO  POIMT*** 

It7  CAL  NOfl/l 

not  ■ niMi 
M9  L • < JJ  * 11*1  « m 
0 • A.  - 11*99 
09  m 1*1 .09 


441 


m mmmimmmiiiiiimif  mmmmmmmmimiimmi 


NMf  uvm 


mftmjm  o*m  act  - 1 


l*tf  4 • 

99*  J*  • HMII 
Ml  MMtM K 

•rm  • ii  m.m.m 
m wtu  • ii  itr.iat.no 
•a t in  man  mat  .am  .na 


in  mm  mi.  lit,  sn 


ut  miKia.il i ii  aamaw 

at  ra* mtm.rn.mitm  aam  norite  mar  •.is.aaa. 
i at***  man  - mm  ••/> 


n at  m.iat.a 

aamaat 

■ • • • * 

aaman 

Wlflta.tft  H.tINIMl  .IMI.K.II 

aaaiM 

m rtniAfiiM  a.ii.aia.a* 

aaanaaa 

■a  cnrmx 

■man 

an  m • ii  • taa 

aamtit 

cai  iittmii.Twni.iaa.ini> 

aamm 

c 

aamaaa 

c anvff  #e  arm  ouct  wooti*  ncmnica 

aannaa 

mattiit  • mutt 

amnia 

mm  in  • fw«a 

ami  in 

ramin  • nanai 

aamm 

nomn  • *•<«> 

amina 

otnn  • rwiai 

aamiaa 

naun  • iwtiatt 

aamm 

renin  > • mm> 

aamna 

rau.nn  • mum 

aamiaa 

thliiii  • miati 

amnaa 

aim  • miffi 

aaanaaa 

nrimiit  • m«n> 

am  it  i a 

nmuu  • mmai 

aaanaaa 

*m  cmamt 

aamna 

md  • mnit 

aamna 

aptm 

aamna 

Dff 

aaman 

MIHIKIIIIIIIICIIIMHIMIIIMMIHIIimiHItlKIIIMHHnmilllllllini 

anouiM  mwm 

iMiiMMiiiiiiiiiMMii>iMiiiitii»iimiiM)iiiii»miniiMmMi*iiimii 


MM/mc  mwm  an  mil 

c wine*  it  wan.  trw  mm 

c ft  mcLtf  oti«  tojm  m9  mwBujw*  ana  tewra  amant 

c amant 

mtm  Kmmm*  amaaat 

amaaat 

•HMia  otmai  .nnatt  jcuni  .*>*•>  aatiaiia 

atmm  cam  am  am  am 

iNMiti  atftiwi  .D*ft«aai  mwai  aatiatat 

ancMin  tamam  amaiaa 

aneww  tnaai.tomaai  amaiia 

iimia  mod*  in  .am  in  .am  it*  amain 

•iiMiaiOMKimiiijvtiiii  amaiaa 

c amaiTt 


twi*u*x  taiii.rcn<m.<f<ii. remnant. <acin,icDMTiem.  aatiaiaa 
imui.rcmwani 
cniMLOcx  man^aunii 

caihMUMi  tatmi.atf»iiii.ta<mi  atmiiMaimijtiwiti 
lamaM  w inn. aw  in 

nulWLM  tfUl.Hlll.lTlItll.TOTMtl 

cauiuuxt  <m<m.MviNMmi*ii,wm.«T*i*f>.iiim. 

llTtTiT|l^lfIOMftt«*Ti  .WTffl 
antMLOO  i«av(«i*i^mDiaiioff%ai.Mrrwi.ftarf*aijirm 
•tfiwmcx  i?tfiii^mni>.iT««iijm  in.trtasn  jmm 
mmM  <Tiiaii^miiiMrimt4m«iiMTmiijmiM 
aawM  imiaiMi 


amaiaa 

amaiia 

amaiaa 

amain 

aatiana 

amaiia 

amaan 


442 


IMt 

mi 


mi 

MM 


HM  klirw  VtmjM  OMIT  HT  . MP  MR  SMuCTJQN  IMfC*  HBRU 


m««  CMIM1  •••• 

cmimums  iio«ii«i.iCMioiin>.iCNi  toiler* 

C MIMM 

IOI  ■ ttlMf  II  MfflMM 

•Ml  • fttftiTi  MV  I MM 

IfiOtfVni  IM.IM.M  MflMlt 

M fU>  • MPti  V»M*Vt<  II  MCIMM 

IM  MIDI  • MHlUimi »***<•>  MtltSM 


It* 

It* 

It* 

It* 

It* 

It* 

It* 


It* 

It* 

iMt 

IMI 


IMt 

IMT 


MtMMi  • DMMIC*lti  • tAYtUtl 
IftMftlfTll  VM.Mt.lM 
IM  MfM  • MVniUMATt'fTl 
•MM*  • MTAI 
mttwti  • •**««•  in /tm 
m irittrtiMM  Mt.Mt.ttt 


tUMMtl  • MIM 


•0*4  III  • MIMIC* III 

m intutun  RM.tM«Mt 

C ODNC  R*t  tOOM  • MCZUf 

Bt  iriAATMitn  RM.RM.SM 
IM  tll>  • MTMOO**lt»  - OAVD<IC«lt) 
MUD  • MVIIItlMAlMitMtlll/OllTl 
«t*4|T»  • MITD 

tMMMi  • ftUDI«C*ll>  • till /till 

tit  trittftiMii  Mt.tM.trt 


RM  MTM  • t*fll«tl  *0*4  lift 


MtlMM 

•MIMM 
MVItl* 
MfflNM 
MV  I IMt 
ttfltRM 
MflMlt 
Ml  IMt 
MtlMM 


Mtl** 

MtlMM 

MtlMM 

MtlMM 

MflMlt 

MtlttM 


IMI 

IMt 

itn 


MM<ICW*lt)*t»i 

I intAftllll  OM.tM.Vt 

flflDMLL  At  MR  MO  flf  OtflW  MCZUI  TWf  0M.T 
I till  • till 

iriMft«ic*Mii  M.M.n 

I till  • §4tl 


MtlMM 

MtlMM 

MtlMM 

MflM* 

MtlMM 

MtlMM 


ItM 

M till  • 04f»  *40004 MCI  • VOUCH 

MtlMM 

IMT 

tIRI  • 04fl*«tM4«CI  • OQDlMCl  1 

MflMlt 

ItM 

tifl  • ti|i«tlRI  * OODi*Ci**f  *<OUI»  • tiRH 

MtlMM 

ItM 

C 

iMTuotutfc  rm  *c na  ttocnrr  ti  o*ti«  mom  na 

MtlMM 

IMt 

i • i 

MtlMM 

IMI 

til 

iriOAfNlMfl  - M>4«C*||II  Mt.MR.MR 

MtlMM 

IMt 

Mi*m 

MtlMM 

ltd 

M It  DM 

MtlMM 

It* 

9*  tifl  • «ttf»4tC*l§l  - MINI l«tU/ia*IN< Mil  * ftAfMI |*tl  1 

MtltMO 

IMt 

tin  • mni*ii  • ««miti  - ton i-i ii mti 

•MIMM 

ItM 

SI*  • OOlll-ll  • lOONill  • 00N(  Mll*tifl 

MtltTM 

IttT 

•iti  • MMi'ii  * uoui  • moms- in mti 

ten  17  it 

ItM 

tnti  • *t>*<vo>  ♦ titn 

MtltMt 

ItM 

tnn  • oin*itio>  ♦ tiTn 

•Ml  ITM 

(•It 

tuti  • tuoimtin  ♦ •it>**t*io<ifi  - oirii 

MtltMt 

Mil 

tllRI  • tllll  - KIMtltl 

MtltMt 

itn 

MTTM  • aWllTl*tllRI/t(|Tl 

Mtl  1*0 

it  it 

KHIIRil  ■ MTTM 

Mtl  IT* 

ItlR 

MNRtt  • 0AIDIPC*III 

MtltMt 

Itlt 

c 

orvnijM  riMitM  - mccllc  rm  ocr 

MtltMO 

Itlt 

unr  • itristi/ouTiMouiiiti 

MtlMM 

MIT 

totuTii  • tier 

MtlMlt 

Itlt 

«**<*»  • tAlNI«M*ltl/tltl 

MtlMM 

Itlt 

c 

•MUD  MHGAIQI  MW  M PMC 

MtlMM 

MM 

iriotrtiMn  Mt.Mi.Mt 

MtlMlt 

Mtl 

c 

MM  coMMmtwr  MM 

MtlMM 

MM 

Mt  till  • MIKMI 

MtlMM 

Mtl 

c 

ir  DDictfOR  mca. a nm  i.t  vmujk  it  *u.inet  mu. 

MUtMIM* 

M* 

If  l MTV  Ml  - Mill  tM.Mt.t* 

MtlMM 

MM 

Mt  tIRI  • BtnNMMl  ♦ IORVNI|*Rtl  - OAfNil*Mn*ti|i 

MtlMM 

IMt 

tit*  • MfMIO»lt)  - BA»Dl«*ltl 

MtlMM 

IMT 

Mti  • vitfiMrvtn  • tounitn/t<t>  ♦ tut 

MtlMlt 

IMt 

till  • tlll*<tl«t«#l/tu?l 

MtlMM 

MM 

r* 

MW  • IIIIOMIITI 

MtlMM 

MM 

DMNRtl  • MW 

MtltMt 

IMS 

•MNMl  • MMUC*lti*i|l  * OAfMi«M*lti*iti 

•MIMM 

Mt  CDffMI 


443 


imimiiiiimiiiiiimmiiimmmnmmmmiimmmm'ii 


NMlItfW 


C MIHHimilimitllllllllllllimilllMlllimiKillHIIIIHIimHIMIIIII 


Ml  tun  t m it  it* 


/imint/  if<«» 
mite/  «iikuMi 


•UCMIW  D'MMi.Ti«*f>.OC<lMi.iC<MII 
mmmm  t*ic  imi  .tefO<«>  .mtwimi 
•HCMION  ftIWMl 
•IfCMIOl  lUMl 
•IICMIOM  torn  Mi 


•(•till 


•IfCMIM  VtffiMi  MINIS 

SlfCMIM  THUHII.  tATKIIll  MlMlM 

•MMIM  *fllll.%Llll>.N.Itll  MIMtM 

MPUN  VNN  111  .mtu  III  MlMM 

•NOTION  INM  tl I,  «NI  111  .MNI  III  .NJM  111  AIM  III  MINI* 

•IKMKM  MM  III  AMI  III  MIMIM 

•HOT  IV  VWIIMCHMIIIJCNHIII 


WMIN  ?OI<  111  .VMM  III  .HUN  III  .MTCM  111  JflWl  III 
VMM  IV  MTUMIII 
C 

mum* a iMli.fONM|»MT«|).TQVMSWIlMKll>.1CVN«»IIIMt 
IMVni.TCVMHilll 

MflWUMX  '0iVl£mi|}l.<V»li.*II*ll».«V»l).*l9Mlli 
MJIVMLDCX  IKMII^ATIIIM 
NMWM  <V«ni.S*TK<t)l.  tVTSl.VIftfUtl 
auimocf  iv i mi. nmm i ii 
MwimCKX  iTiii.vni 

MU1NUXX  ITIIIII.TITIIII 

MMWUKC  IT4»|I.4.T<III.ITI«7II.%LIII».ITI»|I.«.IIII 

tmnmjoa.  ifitiii.vmiiii.iTimt.r«*ii»i 
m#i%MUMX  itimi.iMMiii.iTimi.mMiii.iTimi jvhih. 

ItTimiJUMIIIjTimiJUMIII 
WtVMLDCC  (TtmUNMlIl.llfllll  JUMIIII 
onmiMcc  iT<«ti.vNiiiMiimi.mMi>MTfM»4KVMiii 
NVtNUICf  (TiMli  JUMIH 
mnmiM  hum  hi. von 

MflWLOCS  ITimi.TOMlIl.lfiail.VMMIII.lTlWll^MIMIII. 

Ilf  (Ml  I JITOM 1 1 1 .IKIlt  I .MW  1 1 1 
MMWLOCt  iTiMDJffUMIII 
OUIMLDCZ  (TllMll.fmdMll 

WWCMS  iWiMi.lNMCt 

■hmiict  HNivi.irn 
mmsci  i«iiiii.i mini  imi  ,st 
m/iwujck  «®< i m i.iieua> .*©n . urn i*  i .non . 
i imi  im.iOM . imi  imi  . mni  . im<  ifrunvi 
c 

MR  • SOTMII 
wm  - VMMtl 
Ml  • N9MII 

C Ml*  • SMCCT  TK  fM  OTftC.  • M.  N VOL.  N M. 

C M MNI  MX.  UMNPMH 

C NX  M.T  If  I ON  MS  MCaU. 

VI MN  JC.  • .Ml.  INVtitlMNVlIl  .Lf.  Vt » l MM  • • 

ML  IMS 

c mnmnunm 

astv 

m m >i.s 
vs  • 4 • m 


444 


in  - m tP  *ii  iwuciiw  mn« « 


ojmji  • Mum 
Vl*UI  • •«•!>  ICC, 1C. 1C 

it  irittut  • ctuucin  if.if.tc 

V»  It  im  IHDN  NCN  |.0 

If  till  • MbfOTi  • MJtMl«l%LtJl*«0  - Oil I>**1 

cc  to  a 

a vimmi  - o<fii  m.m.m 

vn  it  wcaick  m m mot  1.0  but  mt  vmn  oc 

M till  • CMMflll  - OUllCCKOtHtLlJI  - UUnCllimiD/UU'ICin 

itMHi«ii*itt.ui«*t  - 0tn»**.B 

cc  ft  a 

KD  It  MUfta  THUN  **04  1 .1 

a tui  • i«.ui*"t  • miii**.o 

H MOl  • •<Sl4LMW»/fc.tJl 
IflOAIINTlII  Ot.OC.V 

u mm  • ftAfm*>*Ammi**!M<n> 

VlOlOl  - MM  I M.Of.lM 
M OAHMT1I  • %LUl 
tofMtt)  • A.IIJI 
MtfMTH  • •.IJI 
•AHH1NI  • till 
OAHMMI  • QJMJI 

m.i  • j 


VDHII  • Kifl 


If (OAlMUlf  I - OAfD<*C*ICII  IM.IM.IM 


maul  tTATiM  it  rm*m  v dmuc  r« t 

l»  Ifil  • II  ia.lM.tOf 
IM  IfllMl  IM.IM.MC 
IM  VMM  1 1 • VMM  1 1 
nnHii  • nwrin 
VttAltCflll  tM.MC.in 
I IT  fMCMIl  • fMCMUMlfl 
M TO  Mi 
IM  V • I 

Ml  VMMMJMfl  - OMNI  Mfl)  10*.  100.  too 


IM  till  • fill 
Mil  • MU 

iriMKMtll  IM.IM.IM 
IM  MU  • tit i 

IM  IfiOAlOOItn  IM.1M.I07 
MT  Mfi  • Mf I 

IM  Mil  • MCftOlti  - OAfIM  l*ICi WIOAIOOICI  - OAltOOn 
VMM  1 1 • VMM  Jl  • (VMM  >11  • VMM  J»  I «MI  I 
fMCMIl  • fMffUMlOHl  - Minmii  • fMffl>ltmil*ltf> 

M 10  IN 

mum  tn  v mi«  net 


MU  •0MMSMM  -OAfMiOi 

fMtNii  • atoimaimon  ♦ OARMTimonimumoi 
: mot  m fu/nw 

Ml  VllTkTl  MJNili 
tie  MO  I • VMNIIMVMII 

VltUM  - MOM  f 1 1 «f  If  *010 
til  MOl  • Mlfi 

fit  Mfl  • HMI0U  • MkMIMimoi  • HUIIMimoi*«t  - fCNICTH 
IM0I**1 


KTiimiTii*mfti 


MOl  • MflMfMMII/MM 
VI1MMII  .if.  MOl  l 0 


445 


liM  till INi 


« 

s 

CMTKWI 

HU 

ITM 

JM  irilMi  fM.JM.fM 

mhimi 

ITM 

•m  wok  11  • mm 

MHIM 

ITT? 

lunwit  • mm 

mhimi 

ITM 

C 

tm  tonic*  ttr  mm  lmom 

MHIMI 

ITM 

VlIM  U.  1 .AM.  I€N  n.  1 l M Tt  fM 

MMtSM 

IMI 

mum 

MMl  Ml 

IMI 

c 

hit  rm  hcaiiom 

MMIM 

imt 

mi  vimmtuin  - armiCMitt  am. am. am 

MHIMI 

IMS 

c 

VOCMT  MM  V CHtH  rice 

Mill 

tim 

am  WTOHl-li  • HOkHHATIM IHil  • TONMiHAflMl'MiWlUi* 

MHIMI 

IMS 

MUM  1*1  • Mm 

MMim 

I1M 

M H JM 

MHIMI 

IMT 

c 

VHCMT  VT  V MIX  TACK 

MHIMI 

IMI 

Ml  nil  • OAfMlMti  • MftoHi 

MHIMI 

IMS 

•hi  • muiNiHn  * mtmh> 

MHHM 

IMI 

MO*U-H  • IfCHUlHm  • TPM l-ll*liiil/Hf IMJHI  l-l IMMI 

MHIMI 

IMI 

c 

CALOLATK  fMCt 

MHIMI 

ITM 

im  Mirmi-ii-iniiMii/viiMn  • mmn-iiHrimii-in/mfi  •aumi 

•1  HI  Hi  Ml 

IMS 

IT  11  OH  M.IM.fM 

MMim 

IM* 

c 

M.T  calc  ir  1 CM.  PM  MAC 

MHHM 

tm  am  mvumi-d  • t*mim*iaATNii*»»«0AfMi«Mi»H4tiHUMM»MiiTiMMitii 

IMS  MUHI-H  • tfTU'<M>WK"’l  MMIM 

IMT  M ONTIWjt  MMltM 


ITM 

J • tot  - 1 

IMI 

nn  • nm 

IM* 

nn  • nm 

IMI 

nn  • nm 

IMI 

m at  i»i.j 

1 Ml 

mton  11  • mcwimniii 

tm 

HTTNII  • uvnti  ItHATKtil 

MMISM 

•urn 


Will)  • TOTttf  l • VNlll 


IM 

imt 

\am 
i an 

mi 

tin 

mt 

mi 

mi«* 

mm 


HIT 

MM 

lilt 


IMI 

tm 

I Ml 


I Ml 
IM 

IMI 

IMS 


IMS 


IMI 


Ml  (Ml  • TOT<»»  • MTGNIII 

Win  • miMi  ♦ hitmii 
TVTlMl  • MTlMHMUHlI 

111  • nil  ♦ MOMlHMATIMI'lil  • 0*rWl|«||M/l4«) 
•Ml  • 1(»’  ♦ Mfr«<|Mi0AlN(Ml>  ♦ •ATWIdlll/ntl 

tm  • nn  • immiidMiMMiiMATMiMiiimti 

Hi  cmtimuc 

iftiim  • win 

•Him  • totihi 
•Htini  • miMi 
HMliMl  • Ilil/MMIli 
ttfVKMi  • HU MMHM» 

irucw  .«.  9 i iHimmii/iHiiii 
*'IP<Hi»«MI.MII.lllf 
•Ml  CSfTIMC 

C •••  MUMOIMT  o IIW  ••• 


miw  tii 


miTcic.MMMtieiNMPii.iMi  mhimi 

m r«n*T(iMi.Mii.M.fiit«*  mean  • mm  ••/ix.mun 

Mimi,iii  im.kcn  MMim 

•i  rmHTiiM.m.MHM  ncrur  mocht  - mctim  iata  •••/  mhiim 

i /m. iM.tr  me  •.ii.ii.imm  cmc  -.11 tm.  mhimi 

fMH.M.*mA..H.»flCrm.M.O«ltTM.M.'iMIR..M.Om.M.  MHIMI 

MnD.M^M.M.MU.n.ML.M.»M.«l.Mni.«H.MKll  MHIMI 


MtHM.Mi  u.Mmii*in.Mmii*M»,iAiwiMn.Miwi*Mi.  mhimi 

MMl  1 .MW  I » .MOM  1 1 .•«(  II .SUN  n .UK  1 1 .MOM!  1 1 .MMt  I » . IM  JMMNtHT! 
MrmHlllT.HH.il  MMtMfc 

MIIKH.Mi  MHIMI 

M rmnf </  mm©/t.w.<mu.  .m.oo.v.  .m.otk.m. mhimi 
MIIKH.Mi  II.DATN(t*lli.VMitl.rMHtl.lM«ll. 1*1^011  MllHlI 

m rmHiisH.iT.v*  1.H.111  mhhm 

MIIKH.Mi  MHHM 

M rmnf  1 / MR.»Ml.H.OtMm.Sl.M*KA.M.O«T  OMM.M.Mfr  M .MHIMI 
• H.IIMH  LMKMN  > MHIMI 


J • «Ol  • I 

MITfH.Ml  f|JtllM|l.ini<II.MTOl(II.I«TTmil.l|IUI«l>.M.J  I 
m rmHfifH.iT.ni.ti 

MITKHHTi  Min»O»*in,r0TUt1.T0TlMl.T0T«Ml.T0Tt«l 

•t  rmHr«/aK.MMf*.vn.t> 

C •••  MIT  ••• 

MM  CMTMUK 


MHllM 

MHISM 


446 


r<  '^TwnwwiwHJwii'vww. 


NM*  UITM 


amnjmmm  m 


aw  mxum  tifim  wui 


mi 


IIIHIIIIIKIIIlfMMMMIHIIKIIIIIItlllHflllllimilimmilimMIIHM 

«MU?MC  MUtt 

iiiiiiiiMiiiiMMmimmiimimimimimmmnMiiMMmmitmi 


MIT**  • MIL  IV* 

n 


mi 


mi 

MW 

Mil 


I MM.TUMI  JCdMMMOMi 
•MM  KIWI 

a mm  wt  jm  io»  jmii>  ioijuh  iii  .om<  ii 

a mm  mi  ,vm  ioi  jmm  ioi  jam  ioi  jmm  hi 


HIIMTlll.il 


•MMOClll.fl 


HIM. 


II. 

II 

IJMfWIII 

mu. ou  1 1 

mm  i jm*  1 1 i.m*i  i worn  1 1 i.mm  i 
lll.mmiJUHIIMTlMM  JOMtll 
( TMI 1 1 JUM 1 1 M TIM1 1 . MNI  1 1 M f (Ml  I WOMM 1 1 1 . 
MIll.mMIlWCMdll 
IMOVII.II.MMIMI.* 

ti  jam.ttct  im  • Mm . nee  imi.nmi 


MIMIN 
MINI  If 
MtMIOV 
RIOUI.  MINIM 
MIMIN 


MINIM 


MINI* 

MINIM 


C 

c 

*(1  - MOM  IOJMO 
c mm  ONI  MCI 

M M M l«l  jot 

lf<ftMMI«M»l  W.IO.M 

M MMMIMVI  • MINtl«Mt*MfMNI«M  ♦ MfNCINOlIRNlMNltl 
MOMTMC 
C rtTMtfCS 

mmm  mm 

ITMflMIMOll  N.M.IM 

M ar«WWI«MM  N.M.M 
C TMTIC4LLW 

um*  i 

MOW  I Nil  •NNl 

M NON 

M *<MfiMi«Mii  N.N.a 
a MIMW.MI 

M NNfl  WW0HM  MN  NOJCO  IN  AIR  IIQUCTION  OVtlDt  / 

i rm  NRMir  tw  mmm  amm  i 
C NMIJMU.UO  flMHk.C.I 

M Ml  • f 

MNMIMOI  • OAfWINOI 

M It  MO 

< MU  SCTMN 

MO  Nil  •Nil 

•Ml  • RNtlMMWWKNl  • MfTMINOIl  - MfNIINOIt/ 

I INN  •NtKNlNl 
VIKIII  1 01,101  .IN 

Ml  Nil  • NIWINIl/INfHMRMINN  • NOlNMwlNOH 


MhMlWMNINOIl 
MM  • MMIMMWINMJMMIMMl 
MINN  • NfHMtil  IM.1M.II0 
I MM  • NNMWl 

Nil  • MMINOl/lN«l*lNltl>Ntl  • Nil  • MOHMOlll 


jk 


.r. 

* 


447 


i 


aw  iwuctim  «nnn  mu 


St/fts* 


lilt 

till 


IWUT  UlTlMB 

•Ht 


IMS  MITCtS.Mi  I.  till 

m rotun  wminis  mm  wuco  in  aim  imuctim  mm  / 
till*  MKTIM.  III.  Ml  It  SKCT4NSLC  « SBJCCD  SKT. , 
« iMMKfIM  It.  Iff. I I 
IIS  tlS)  • (f*IMI«Ml  - f<»'t<ffil"tltl*(fl 
•m  • (OAHHi*si  - sifi«tifiMtui^i«i 

iritisn  iii.iit.iii 

III  S*SI  • HM 

iw  iritiin  iivnt.nt 

I IN  Sill  • **l 
Ilf  IOMII  • flSl 

SOM  1 1 • t<f»*t<ll 
•Mill  • Hll 

OSMII  • SIIINONII  • SU«l/S(fflNOMI> 

SUMII  • SMI  1 1 


SISS1M 

■ISSTIS 


MISSES 


Miftns 

MISS1M 

MISSYM 

MISMIS 

MISSSM 


•Mill  • St»«0N<ll  • Olltl/OlSlWONfll 
IflMffl  - NOMIII  l IS. lit. too 
IIS  till  • MNIIMIOIII  - sifti^itn 
tin  • IOM|l«Olltl/fl«l  ♦ SMI  1 1 
•III  ■ MM  !>*!«•  I /OH)  • MMIII 
■CUMII  • ltl|l*«t  • tl|l*«<l/Dltl/tl|) 
■CUN  1 1 • RJMII 


Ml 

Ml 

Ml 

Ml 


■CMIII  • itUMf  • ti«>“ti/0<ti/ttll  MISSSM 

c tr  sit.a  «k  mm  us  or  cumtiuc  tt  urtNirv  tc  rur  p/m  mismis 

MS  CflNTIMUi  MISSSM 


iriiMi  «9S.as.iM 

C C4LCLLAIE  U4DHO  DSC  SURT4CK 
Ml  J • 1 


SUSMII  • MINI  If)  • MINIMI 
If  I IM  - II  fflS.flt.lN 
sis  tnmi  • auMii»«iffi«iSMiffi  ♦ SLwtfit 


SM  mil  - OJSM|l/S<fl«lDATN<SII  ♦ SMlffl  • MfiWOMfll 
C CAOJLMC  SMSCSUDff  SECT  KM  M MM  If  M L.C. 

SM  M MS  I^J^CM 

BUM!  1>II  • SAIN4MSI  - SAINIIMI 
STMI-tl  • SUSNI'll/OlfflMOAlNllMSl  ♦ MIKI|«MII 
MS  GMT  IMS 
C MIT  m. 

■now 


MISISM 

MISISIS 

MISISM 

MISISM 

MISISM 

MISISM 

MISISM 

MISISM 

MISISM 

MISISM 


iimMiummimmiiHummiiKimmiimtiiiHniHiiiinitifimi 

•mouths  man 

iiimiiiiiiiiiiiiimmimiiiiiiiiimiiiiiimiiiiiiiitiiiimiiiiiiiiiii 


C 


SMRMTIM  MOTT 
Mil  TUN  M MMN  ISM 

ft  SrSDSlWI  CSITfCA.  SMS  OCtIM  CM  I TO  I A 


ssiM  /mm/  imimi 

SMMIM  SltS»Ot.T(ffSMi.OC(IMi.WtffMi 


SWENtIM  tl  IMI 

SUMMN  JLf  I IS!  ,%NI  !•»  .«.<  111  .ItWI  111  .1011  111 
SIIMWN  MIW  III /NIL I ISl 

SIMMIM  IMI  IMI 


OUtMUKX  (Sill. TOdMin. (Till, TCONMSIII.ISCIII.TCON^ISIII. 
IfMIII.KMMtMIII 
iMimoa  isisiijMuii 

CM! MMX  IflMllAtfSflll.lDATtlllMMSAmiltl^CTI. 

uousi  111  son  .iBAismi  joai . issmi  iti  .smimomi  is»  .rscri 

ummiK*  if  in. tu  n 

OUIWUMK  (VIMII  AVllH.lf(MII.M«l»}.lTlffni.«LIIII. 
KKSllMDtNItMViail.fOlMlI 
caul  MUMS  iVlMII^NMdll.lTlMlI^WfLIIll 


448 


I j niiiimmmmimmimg simmimmmmmmmmiiiiiiii 


tm*  LitriM 


Mtwi*  om  «l  • M9  AIN  INOUCtlflN  trtTDt  WU1 


iKiiimuiKfiiKiiiiiiHmHiiiiiHimummmiiiiHiiiiUHUimiii 

MMUTUC  KUtt 

MNNklTNC  tom  99199919 

(Ntnoi  • mu.  i«i« 

IN 


• NiMH)  .TUMI  JCI  till  ,«<MI 

IMNI 

mn  nob* 

m IOHt9),MMI9l  JON INI  JW INI  JLNf III  JMOfl 
IW  9U9M9I JTMI9)  JAM  19)  .NOW  19)  .9C9M 19) 


Kl). 


(OU),TC0M|n.(fllM( 

>1)1 

; iKViiAmnn 
: mt>, nit) 

: iTnvi)^0Nui>.mmi4HmiiMT(7D)^ 
IIT<«|)aatfNIIMTI1VIIJUH|)l,ITlMl)#a9M|)) 
mnwUKX  IT(NII)JUMIItMT(«|I.VWI>MTl«lll 
IIV<0>IIJMJN  III  .111991)  JKMf  ID 
: («iiiii,ii,(«iin>^ 

: <W<lf|>JCMMI0<l*IJCNt.(lOtlMM9N) 


99199109 

Nlttlll 
09190190 

it».<OC<ll.1COM*l9lll.  MIMIM 
99I9UM 


ID. 

ID. 


Ifll  • NON)  I9.MJI 
K 19  8 


ITINMMI«NI))  I9.l9.lt 

w mmumoi  • ommimoi •tmm ♦ mam i«9o>i*<i9>/9<t» 

If  OMTMC 
€ flf  wm» 

mm  am 

wtmamimn  n.m.m 
c porncm  19  mm  ocac  m outec 

» wmmmumtt  »,».» 

c mmtOLL* 

I Ml*  I 

•MM MM)  •OlM) 

99  ft  909 

m tr<9tfiHi«9»)i  m,m,n 
m MIIKNJil 

m mw(  mnmnmim  nw  muco  in  ain  iioucTioN  twin  / 
i TNT  wm-rr  i r ut  «o*nrr  omon  i 
C MN19MT4L  UN  IIMRI.M 

awi 

•MM I •99)  • •MMI«09I 

99  19  909 

C rui.  KCTICN 

199  9(1)  •DU) 

919)  • *ttl»<9AIMI*9)  ♦ 9MMI«99D  - 0tfMI«99H/ 

MM9»  - M9IMII9D 
*194911  191.191,199 

INI  9111  • 9MMI«N9>/(94t)MMNl|«*i9l  ♦ Ot«i<OAmi!«9#>l 


m 91%)  • *NKIIMMI*9)  JMMI«99D 
am  • MMMMMIM9)  JMMI49II 
ITI9I9I  - M9M9(ft)  199,199.119 

199  919)  • 949)*<t) 

•III  • •MMI«99)/tMt)«l9(l9D9<tt  • 94%)  - •«fHt*9iD 


•9199199 

99191199 

99199119 


90190910 


9919 

9919 


99199919 


447 


AironjMoiMt  «t 


*i«  ncucrn*  mrw  nouu 


•s/it/*  MBIT  liitim 


ItiT 

Ml* 

Dll 

IMS 

IMI 

i«n 

i«r» 

IM 

IM 

IM7 

IM 

itn 

test 

ten 

m> 

itn 

199* 

IMS 

IU> 

IU7 

in 

tot 

it* 


I MI 
tO* 

I MV 
I MV 

IM7 


IMS 

IMI 

IMS 


IVM 

IMS 

IMS 

IM7 

I08U 

IMS 

IMI 

IMS 


INI  HHfKtV.Mi  I.  till 

M moon  wvm mini  mm  vases  tv  air  t miction  twin  / 

I III.  OMCTlOn.  Ill,  IM  It  «CT»OX  M ROUKKO  RCCT. . 

• IMCOMRCCTIQH  If.  IM  I l 
III  till  • (OAVMIMII  - Otf»'t<«M«lf|l*tf’ 

IIS)  • IOAIMIMVI  - MtlMlflimilMltl 
innoii  iiMis.iii 
III  III)  • MM) 

lit  iritisn  m.iit.iit 

no  HD  • DiM) 

III  101(1)  • till 
rbii i ) • tiDmn 
■Mil)  • 11)1 

Otfttll  • 019)401(1)  • lull /0(f) <RONI|) 

•UMI)  • *91111 

•Mill  • OltlOMlI)  ♦ Odll/OlfMRMtl) 

IfiMf)  - ROWIll  I II. Ill, MO 
III  III)  • RONI I )*(0( I ) - OIID/Dltl) 

Ilf)  • IOMI)MIMI/OI9I  ♦ OONIII 
ID)  • «M(ll<0<i9>/0l9l  • *01(1) 

RCUHI)  • (ft|)**C  • IDl*«fl/Oltl/Vltl 
ROM  1 1 • ROM(I) 

RCtMl I ) • IKII'I  • II 9) • *11/0(91 /Id) 

c tr  vif .s  mn  iuoiui  or  anvATUK  it  iiriMin  ic  iui  nh 


4 • « 

in  IMI  CM.BS.909 

c earn,  am  1X40 1 ns  tax  una 

MJ*I 

ousmii  • MIWI9)  - osmiin 
IfllVN  - I)  9I9.9IS.MS 
CIS  MNlll  • BUSH  1 1 MIC)  *1091191  * AMCn 
M M 99V 

MS  VMII  • flUSIM)/0<C)*<OATNl||)  ♦ 0*if>  * OlClMMltl) 
c c/ixmiM  ancvuDir  act  ions  m non  ir  m t.c. 
as  oo  mv  i«j.nm 

OUSMI-I)  • OMNI  |*ISI  - 0AINI1DI 
MNI  I >|l  - «JMII*I)/0I9I*I0ATNI|«MI  * OATNll*MH 
MS  CMTIMX 

C Mi  (XII 


IOIIIS 
■SUM 
101  MS 
101  MV 
If  ISM 
ittlMV 
IDIOM 
191  MO 


ii(iiiiiii(i<(iiii(((iii(iiiii((i<iiHm«(ii«iiiiiiiiiiMMiiiniiii<imiii 


IMM9 

IM7M 

IMMS 

IM7M 

IMMS 


IMMS 

100110 





IMI 

ION 

lf?l 

1179 

in 


IMS 

IMI 

IMS 


IMI 

IM7 


C 


C 


ouo sonic  ncorr 
•Ml  TUN  M MO  1 979 
VO  MMJMHC  CRITICAL  R mm  OCtIM  CRITDMA 


envoi  VOONIMM) 
envoi  / 1 MINT/  IRlMl 

OIMMIM  OlCOMi.Ti9tSS).OCllM).«lCM) 
OtVCMIM  KMVCM) 

•nmiON  oavriim) 

OOMIOV  OHM) 

otnsisi  ALYiiD.tMi  it)  .ami  .mi  m .imi  m 

oifMioi  mvMitii^ninn 

ODCMIOI  Mil  IMI 


CMlMtXXX  m D.TCOll  ID.fTlII  ,TC0N(9MI  D.IOCUI.VCOMSIIII), 

ineni<«eanitMi)» 

CMlVMLDCC  10111).  COSH  II 

CM1WLOCS  (Oitlll^Anillll.lOATRDlJSOl.lOAIOlltlXWl. 
iiOAiotii>x,ou).(OAmit«(i.m).iOAraiiii  .jMtfi.iosioiioi.rAcii 
CMimOCK  0111.111)1 

tanmma  itibii  aiim.iiiMii.Mnn.ititni.ami. 

I IVIMI » . 10SNI  l ».lt  IMI ) .1D11 1 1 1 
numl MS  <f<Mll.*ffM«|l)(lTlMl».ftfll<|ll 


448 


•I'M/* 


IM* 

IMS 

l« 

IMi 


MIS 

MIT 

Ml# 

Ml* 


twur  utriw 

HI* 


«Wl.OM  CMMtT  HT 
OONfEWTS 


****  Al*  iHXJCfiow  Irtrcn  mod lu 


miMlMWun 

wiwliki  i*0(Mitir4aci,i*oiv>ii,ir^i 


IMi 

«"•  • OlAI 

mmmtd 

IMS 

iom 

« wit  rm  Miiiut  omti  at  vh  me  *. 

00  M |.|.| 

***  wirier  oes ion  mi  momm* 

IMS 

• | ♦ im 

mommo 

IMi 

C4U  •i®«‘i.»*»ii».iM,ir>i 

IM7 

iki  • MTMinm*i/naiai 

momsto 

(Mi 

ioihii  - iki)  ii.M.n 

MOMXM 

IMi 

ion«.  nnMi  1 1 

mmom 

MM 

cor  • naiai 

mqmmo 

•Ml 

too  • nsitci 

mommo 

mm 

0O€  • uskiii 

•oomjto 

•MS 

TACT  • DIM) 

mommo 

MM 

icm  • i 

mommo 

MM 

« • i 

MQMiM 

MM 

0"*  • IK) 

mom*  10 

M87 

* o**1  • "•n.inmiui/natiMi 

mommo 

MM 

Tfllll)  - IK) ) M.IK.%1 

mom.  so 

MM 

* ••  • nm.ui 

M0M**0 

Ml* 

ccr  • nanai 

M0M.SU 

Mil 

to u • nauai 

mommo 

Ml* 

ooa  • nami) 

00080*70 

MU 

tact  • ami 

•OOKMO 

Ml* 

ion  • t 

mommo 

MIS 

« • * 

Mcr«<oo 

KXSOBIO 


■m  ne  mo  ktdhiic  mail  000009*0 
i - tnn.  - 


•III  • lid 
«*  Canute 

* ITWt  uLrnuit 

* I • 4UMMM  » . TITMILX 

*•  • 

■W-KII  "**» 

^•■oi  - a.  id  a.it.tt 

W MU  . Dll) 

iriaoa  - i.mi  m.uo.'to  tmm 

mimu  • eio  «wo« 

« canine  “"“i 

C *■"*  “‘"CM.  omr  ociion  mm  oata 

•*>>  • VHiicnn  “cam 

•**<  ■ iDunarT)  - touiMi  ■‘“oom 

»"  - *1  00,10.10  111111,1 

* *"i  • vLiiair>  mmm 

»'*i  • mnaTi  . auimi  “““a 

* own  output  "ooom 

n iriKiaiiwoi.iooi .sow  ““"no 

- Mf  oci io*  caomaa  ...  ,«  '* 

I *!«••  T*C»T  - KIM, 

»«•  */>«.  lanorouBM  - r.».rlg.(/W(.l!MI[nu(  . 
w».ni.«A«x,tat,,W|T  to  u.r. 

•ikmmiib,  "a*.«.rn.tAM.iin».TimJi  atm  ITMM 
wnomauanAiia,*  QDam.n,.,,,  „ 

e — OlIT  ••• 

MM  CONTI** 


89040710 
800*0*0 
M080  710 


c 

e 

c 

c 

c 

c 

€ 

€ 

C 


"""""" „„„„„ 

•Man  lie  pium 




••■an  lie  nioa 

•aintii » mm.  m 

WJt'tu*  twoi  me  r<mia  icians 

•iimim  caniMi  MmiMTmmt 


•ueeoit 

MtOMM 

•cnoua 

8M80M* 


*'■  ICONMMI 


449 


i3i3§;niiuun  = n!iiis2Uiiii!ii!i8iiiiiiiiiiii!sss3nsnsiimimii 


RM*  kllTM 


air  itcucfiw  tntm  «nu 


tm  m •••• 


Mtl 


•IlMIM  0<IMti.riM0tt,0C<lMl.*iM^ 

BlfMIM  ftf*<tttt 

IHMIM  ftl INi.Wi IMl .TWi IM> 

C 

cauiwiMt  (R<n,TC0«iiiMriii,TC0fifMiiMOC(ii.vramiiiiiti. 
|t'6ltl.fCM(*ttlll 

crlhwlocx  iBitM.CMiiii.ioiMti.otftiDt.ttiMii  jaimiii 
cauivMLtscs  101 mi i iimm 

CMIttUNCt  lT(li,Bl|tl.lf(ltll,TBTl|tt.lftl00l).1IS<lll 

mviwldck  i win » .mbi i.itotim) .mtoi , i tonui ,iri > . 

ouimumcc 

c 

ITlBATBlMll  IM.IM.II 
C IIRMV  RVLOH  ICIMT 

It  MTBI  • OATtlMlWfitll/OtlTKajitM) 

»j*i%i»  ■ mti 

matuHti  • Micati  ♦ ft*rtitii*T4Niom<«i«out)i/ttt> 
iriQATVd)  • Oltn  IN.IN.N 
at  iritAfttMii  ttt.tM.at 
c tmttMD  tntR  icitm 

m mto  • OATt<r»i4*rt<n>/«<iTi  «mh«i 
BWt'I'lSl  • mto 

•**<•*>  • ftMMtll  • OAft(Ml*l«HOArtltt»«<ltl>/tlt» 
tit  cor:** 

c rmimt  - Mim  or  ruKuoc  arum 

tit  tm  • oimi 
tO  tit  1*1.10 

tm  • til)  * TOTl i«tti 

ait  OONTINUC 

tm  • tm  • otrtitHOAniTi/OArtui 
in*  • lit 

Du.  RDM i i.rmdi.itt.ini i 
tm  • iiwiitti  » Tmiittii/tmiiti) 
tm  • iTmiitti  • wtiitTn/rmntii 
tiRi  • cutitti/aiti  « couniii/tiii  ♦ cbviiiii 
c to  two**  nnim  icimt 

iriftATtifin  att.Mt.tit 

Ml  tltl  - BATtiMi“t«OArt<m/Oilt>/OtMi 
tlil  • BAlNItl/Btll  » BATtltS) 

BIT)  •till  ♦ TBTltll 
tlil  • tt|l«titt4<tl 
MB  tltl  • BMBfMlMMllMl 
irititii  nt.nt.tt* 
at  titi  • out) 

CM  Blit)  • tti7l«ATtini  • BI0I/BIBII4IM) 

BB  TO  fit 

C MRIXOMTJLLT  MOMTCD 

MB  Bit)  • OtfNilti/Biti  • BtftltS) 

BIT)  • til)  • TBTltll 
BIB)  • Bi|l«irt<17i*t!t) 

to  to  at 

fTBlTTI  • tilt) •fill 
BtffMtTl  • ITT  I 

man  mi  • BtftiiMi  * BAn<tii*UNia*ftiMi«o<toi» 

C BB  0UTB0MD  flTTIMI 

martin  • oitn  Mt.Mt.tM 

C VCRTIC4XT  POMTCD  0K.T 

MttlB)  • 0ATtiM)«*B<0*TtllT)/0<ltl/BlMl 
till  • BATMiBi/Dlt)  ♦ BATtlMl 
•IT)  • till  • TOT i Hi 
BIB)  • Bl|)"tl0)«tltl 
BIB)  • 0«n<*»l«ATttMi 
IfiBlBll  BM.tM.M* 

■t  tltl  • Blit) 

M«  tilt)  • CB<Tl«OArtl|?l  « tltl /tltl  l • BIM) 
iCTt  • BlItlMlt) 

BVtNMl  • MTO 

«avmit)  • tumiMi  • art  ini  *t«mbmbiM)  mi  ibi  i 


BMttlTt 


BMttTM 

Btttr^t 


450 


451 


nmmwi:  * w iiw 


aril 


1 


tmtt  utfM 


AM  MUCtWM 


MiMMTtMttl.ftfl.Mi 


mtmi.rnt 

i fw*ni«i  .m.i< 

i / i 


• (Alftt  •• 


i • 

MN»  • •Mf.tl.A3 

•t  tftmm  • i.tMia.tat.itt 

•If  MWKM.Ml 
m /im.ivh*  c 

• ft 

•t  wm  • aniijijB 
•f  i iriau*  • if  Mf.  iff  .iff 
•l  WtWUt  - S.fMff.VM.IM 
M MrilKM.fi I 
■ fflMMTl  /IM.IM"  S MV 
ff  ft  «f 

•t  |f(M  - MMlf.0T.tf 
•U  IfiNt*  • S.fMff.tf.lff 

9t  iriMft  • l.fl  IM . Iff  MTV 
trm  MiifiM.ff) 

II  / IV.IfH*  % MV 


•f  wm  • Tfnu.fi.fi 
•is  wtmm  - s.tuat.itt.w 

ft  MM1KM.fl  I 

M FMftAf  (INI , Iff,  IV 

I IV**  MW  - IttfTl  M/| 

ft  MMIKM.Ifll  ri|l/lMI/ll<fl/ll*»/IIA)/ll*fl/IIM. 

mi  ifMftf (iff.  i mm.  rit.t  > 

Iff  OMTIMUK 


MNfKM.lt>  IMMUMIJVI.MI 
If  ffMiri//|«.IMIMT  DATA// 


1 I IMt 
’I  I Ml 

IM.MMJMfTN  AT  MV  S I Ml 
IM.MlMTN  V MV  t INN 
l«,MN«fN  OF  MV  I INN 
IM.MVMIM  ff  MV  f I Ml 
IM.MVIOTM  ff  MV  I INN 
IMJMN01N  m MV  % INN 
IfK.MVCV  Mill 
IM.MWU  Mill 

IM. MCMITY  0T  HMDIIA.  NAM f Nit  Sit  M/ 

IN. MMIRI4  IIM.>TI.MTI  /Iff/ 

1M.MIMIT  ff  VLTNMfK  MCTM  Slt.t/ 


•Ifff 

•Iflf 

•Iftf 

•Iflf 


•Ifff 

•Iftf 


•I  Iff 
•I  I It 

•I  Ilf 
•Ilf 


mifKMfftfi 
ft*  rvftfui 


•f«f»i.tf 

IflMmiNMfl  - MINI  I tfl  JffAfl 
l I • IHM 
Ntf  • 

MtifKM.ifn  nns<i»i»,r«i«ti.rii*st*r<t««».ritMi.riiM». 

I fll*TI^IIMl(fllMt«l 


•Iflf 


MTf  C 

am 


ir<« 


452 


~T 


1 


•s/ft/o 

im/i  utriu 

mnanjm  cmmi  hi  - mu 

A|9  UOUCIIM 

cm  no 

•••« 

CflMTlMIt 

•hi 

arm 

191  I9II|I|.I«J 

90091190 

am 

m rum  tu.i***  *o« 

99991990 

at* 

c 

90091199 

am 

8 

l 

• 

I 

S999III9 

aan 

C 

•M9IV0 

aan 

99  V9<OI  .09.011  .RAT 

09091  no 

MT 

c 

99991  Oil 

aan 

991  It  • TEA 

9901199 

aam 

hi  • am 

900109 

Ml 

It  • VIA 

0001179 

mm 

IMF  - 1HMTA 

990109 

mat 

ItM  • VM9U 

990100 

aam 

99  19  9* 

•00109 

am 

C 

9001*10 

mm 

999  1C  - ICI 

990100 

aaai 

VN  - fur 

•001*19 

aam 

v:  • itt 

ooai*M 

aam 

1«M  - 1MTT 

990109 

am 

IBM*  • 1M91 

•00109 

mat 

90  19  999 

001*70 

am 

C 

900100 

MU 

os  it  • its 

900100 

mm 

HI  • US 

9001990 

aam 

it  • m 

9001919 

arm 

IMT  • VMNTt 

909190 

am 

mm  • imm 

900190 

am 

€ 

0009190 

am 

OB  iriJNH  - S. 9 ItM. tit. 9*9 

90OI9M 

(M 

c 

9909i  VO 

Oil 

MU  • Ml  • HI 

•901919 

warn 

Ml  • Mil  • Ml 

900100 

tan 

H • «9WUIHL.»'TI 

tarn 

Mali 

aam 

IIM  • ItIVI 

•90100 

am 

M • M 

9901900 

tan 

H • HI 

9901919 

am 

MM  - 9.9 

•001999 

am 

M>  • 1 

•90190 

019 

C 

9001999 

Oil 

iricnciiHM.iM.tor 

•901990 

Oil 

c 

0001999 

an 

MU*  4WKI  IHvMTl 

•001979 

ai« 

Ml  • H 

an 

U 10  919 

9009100 

019 

C 

900190 

aiT 

am  imt.1  • wm. 

•00170 

an 

MINII  • mm 

9001719 

an 

c 

00109 

am 

H - J9C9  • Hf 

•90170 

ati 

Ml  • Ml  • MV 

990100 

am 

H • iMIlli^Tl 

am 

Ml  • H 

earn 

MIA  • Ml  At  • m 

99091799 

am 

■IN  • Pit 

•90100 

am 

M • M 

99091  TO 

am 

H • Ht 

00109 

am 

9am  • 1.9 

990170 

am 

MM  • 9 

090190 

am 

aa  aam 

9901919 

an 

c 

990100 

ao 

999  MHO  • MU 

•90190 

an 

MHW  • MflVT 

00109 

asm 

MtHA  • MfHVA 

900100 

am 

a 19  09 

900190 

am 

c 

900190 

am 

•19  H • Mil  • HI 

900190 

am 

Mf  • MU  • M 

00190 

am 

H • MMIMt.  Jill 

ama 

nr 

am  i 

■m  • aim 

990190 

ama 

M • M 

•001919 

1 

« 

I 


453 


n 

* 

' k 


mm* 

MCWI  LI  IT  Ml 

IN« 

(HI 

0» 

* • *1 

CM 

CM  - SI 

CM 

M • 1 

CM 

C 

MV 

mcMTmc.cN.cu 

CM 

c 

M 

tic  14.  • 4MRH*.*TI 

CM 

MV  • a 

Ml 

M VO  CII 

CM 

c 

CM 

I n mi  • m 

CM 

M!NI|  • MINT 

CM 

c 

CM 

N • Ml  • U 

mt 

MV  • Iff)  • 1C 

CM 

M.  • MtMU<a*MVl 

CM 

MV  • ML 

CM 

■in  • mac 

mi 

M • IC 

CM 

N«AJ 

CM 

•Ml  • C l 

CM 

nr  m 

CM 

c 

CM 

triQMTmc.ooi.tic 

mv 

c 

CM 

tie  * • MtMHH ,MTl 

CM 

MV  .H 

me 

00  TO  Oil 

on 

c 

cut 

tli  MMtl  • MTH. 

cm 

MTMVC  • MTMT 

on 

C 

cm 

a.  • mi  • as 

cm 

MV  • MS  • Ml 

or? 

* • MVNIIH.MT> 

cm 

MV  • It 

cm 

MTA  • Of  AS  • IC 

CM 

min  • nm 

mi 

m • m 

cm 

a • as 

CM 

•Ml  • l.l 

CM 

m • t 

CM 

• to  m 

CM 

c 

CM 

on  MDU  * MV* 

CM 

MNW  • MTNV 

CM 

MNM  • MINI  4 

cm 

00  VOOI 

CM 

c 

CM 

m a • mi  • *i 

cm 

MV  • cm  * Ml 

CM 

a • cwma^ci 

cm 

mv  • a 

cm 

■in  • iimh 

cm 

m • m 

cm 

a • ai 

cm 

MMS.I 

cm 

Me  • 0 

Ml 

C 

cm 

•icMT»m.m.M 

MS 

€ 

cm 

m a • cMRiia.MVi 

cm 

mv  • a 

cm 

to  n on 

MV 

c 

MS 

m Miai  • Mia 

M 

MINTI  • MTNV 

MM 

e 

on 

a • me  • ai 

CMC 

mv  • am  • ic 

019 

a • cwma^vi 

wn*  OMNI  KV  - MV  AIN  MUCVMN 
CoNfMVO  mm 


454 


«/*/* 

iwt  iitum 

US  ND 

MM 

Nl% 

NT  • H 

Nit 

«l"  • HIM 

Nit 

M • |tf 

NIT 

t *u 

Nit 

•N  • t O 

Nit 

l«  • 7 

9+9 

C 

9+1 

i' <conitiooo.ooo.no 

9+9 

c 

9+1 

Nt  H • MWl  (H..MTI 

9*9* 

NT  • H 

9+9 

tO  TO  fit 

9+9 

C 

9+1 

Nt  MTHf  ■ iftff. 

9+9 

NTHTf  • WTKT 

9+9 

C 

NM 

k.  • m*  * m 

Nil 

NT  • 1047%  • 1* 

NM 

*t  • nmuh.nti 

9*n 

NT  • 1C 

9*9* 

KIN  • UN* 

NI9 

N • Ml 

Nil 

* • *1 

NJ7 

•C " • t.t 

9*U 

IN  • t 

9*99 

C 

9*9 

ir  (COST  1100.  too.  No 

9*\ 

c 

9*i 

■on.  *\M|  IN..NTI 

9*1 

NT  ■ ft. 

9** 

00  TO  Oil 

9*9 

c 

9*9 

Ni  NTHH  • iffn 

9*1 

NTWTS  • WTKT 

9*9 

C 

9*9 

+.  • m*i  0 HI 

9+9 

NT  • NfTV  • |0 

Ntl 

*■  • nukuh.ktj 

Ml 

NT  • ft, 

Ntl 

NT  A • NT AN  • MB 

9*9* 

UN  • MINIS 

9*99 

N ■ US 

9+9 

9+1 

•01  ■ 1.0 

9+9 

IN  • • 

Mt 

•0  to  toe 

MO 

c 

Ml 

W*  NTHI  • NTH 

Mi 

NTWf  • WTKT 

Ml 

NTTIM  • WTKT* 

00  TO  tN 

win  mat  ut  . 

CBWTOlT* 


■•nctiM  mm  kou 

»t«l 


NOT 


9*19 

9*1i 

nw 

nti 

9 .* 

nti 

9*n 

ntt 

M 

9*19 

9+9 

9+1 


•00*771 


* NTH  • IlH  • ( 

• * • «tmt  < 

••  T0«|f 


’ * • • u.t  • re  ♦ n . mi  ♦ 


•II  «n.  M . n.  „ , . Km  . Tt  . .NOM  . ^ . , 

• • • Mni 

e 

•it  arm  • min  • ao«  ■ M , 

" •***  • <S-0  • TC  ♦ MT  • TN> 

NTWTA  • Miff  0 0M  • u 1 im 

• K ♦ KTA  • TVl 

. . v 1 * , v 1 « , t* , , Ml >9p,,  |po 

• COHTlHf 

irnoui  - 1. lino,  104 >oo 
■ w • *ti  • M 


•>• 

•ooiton 


nt 

IIN 

IIM 

IN 


455 


UmiintnimilllllilliiSiSSiaiilillfillfilllimililliimiliimmi 


mmr*  ww  umm 


mm  tn  - mv  aui  i«ucti«  tnrt*  «u 


•iiv 

aim 


M • *1  • At  « M 


V • ¥1  / 9.t  / MlWtfll 

•a  • at  • «i.v  - i.t/aoti  • w • ii*9  - i.t/f.t 


«.  • Miiati  • a. i , wr>  • mi 

v* 


i • 1 1411  • M • VI  • a.  I / » • / A • 

• ivi  / t.t  / * / vet  / ret  • i.t  / vat  / ran 
ham • tirti  » m • m • hi  / *i  • 

• tm  • m / a.  / vtr  / ret  ♦ i.t  / v«  / nut 

• ADI 


» • mil  • a. i • icds  • ¥i  • a. i / *.t  / * / ret  ♦ 

• MBS  * at  • M / IMA. 9 • MM  • Ml  / M.tl 
At  AMI  - At  Til  • tM  • m • Ml  • ¥1  • 

• i a*  • m / * / ret  ♦ i.a  / ran 


m a.  • manna*  • ai  . ant  • mi 

AIM  • llllt  • DM  • ai  / ACL  * 

• imi  • ai  • it.t  • vr  • wti  • mi/  w.  / vet  / ret  • 

• mt  ♦ aai  • mi  / nu  / nut 

natae  • nmc  • km  • at  • m • m / kt  • 

• tm  • m / n.  / vet  / ret  • i.t  / m / nut 

«r  • HIM  • OEM  • A • M * M / Kt  • 

• » mt  wMt  / vet  / ret  • i.a  / nu  / ran 

4MME  • fMIME  • MT  • IIIAM/1I1TM 


Nit 

NK 

NSt 


AMKIlAlUNt  . imt.ll 
AIAMI  • *¥KHA|AUN  .MTHIII 

mm*  mm1  imlom  . until 
ummk  • jnwxrxiMC  . unto 
m • MKiorr  . uttmu 
rnnm  • mwimmimc  . until 


• ntiMC  ♦ JCT  • MIME 


rnritniA 


M ANIMI 

Ml  It  it, Ml  l I 

Ml  fAAfl Ml IM.IlMEACTION  fOWCtt  HJH.MC.MW  Mfl  - lAMTl  •• 


I /I 

MIKIA.MIIA.VJA 

Mt  n*Mii«.it«wr  i ACiUAitA  jia.a/ 

IK. MUM  I nt  MIME  /IA.A/ 

IA.WMA  9 m MIME  JlA.ti 

Ml  1KM. MAI 

tm  rntwri  //iK.iatuur  Mitwrt  mti/i 

Ml  KM  JMtAMJM  Jl  HUM  JBJM  JNIME  .KT  JMME . 1At  A. 
Ml  ratwfi  IK.JMUM  I • iMITMIMt  Jit  J/ 

lA.attt  • • taainjoiaa.  Jit.t/ 

lA.BMf  t - ft  IMP  MIME  Jit.*/ 

lt,AMf  9 - APlUAfOA  JIA.9/ 

• lA.BAHf  9 - ATT  MIME  /MJ/ 

IM.IMTOT*.  KIM  Jli.91 


C 

Mt  ft  • MM  • M 


n*MI«AA 

¥i  • m • *i  • ri 

M • M • ai  • 99 

m • m * aj  • n 


it 


t 


IWVI  LltUK. 


•ncrio.  CHWt  k,  . m,  *»  IKUII0N  mri*  , 


««  • iIMM  • 4MI 
C 

M • i«i  •«•!/•.(  / aoi 
■H  • IB  / i.t  / CMiaLBNMl 
*1  * *1  * * li  / I.t  / Kill  ♦ 

’*'*•'  II. ( - l.l  / Kilt 

• • K1  / KH  • W / B.t  / kb 
M*n»«i  - • 
c 

•».  • Mill  Mil  . HI  , Ml  • HI  I 
VUMTlllt.lll.Hf 

e 

*11  HIM  • lllll  • ODH  • VI  • a.1  / «.«  / n.  • 

• mi  / m.  / »ct  / rcr  . t.»  i » / nut 

mm« . mm  • tot  • m . hi  - *t  . nri  . 

• <■>  'HI  / H / IfCI  / fCT  » I.t  / Hu  i mu 

*.  • Mall  Ml  * HI  . Ml]  • IB, 

* •»*■»  • M * «B  • Itf  / «.t  / Id  « 

• <Kt  / M.  / ITCT  / fC V » t.t  / irui  r mui 

***  " • AM  • It  • M i |f  / d * 

• i m *w  / m.  / ircr  / rev  . i.t , mu  , mu 


" bum  - aim  • *i  . ijo.  • vi  . 

* * w • *■  / nit.  a . mm  • ui  / K.ti 

tim«  • aim  . no*  • m . hi  • uri  . vt  , t.t  , an  . 

• im  *hi  / m.  / rev  . i.«  / nu, 


h.  ■ mwiimb  •u.mimi  l 

»m  . aim  . u . too*  • k • *J  / V.o  , K.  / rev  . 

• *■*  •*••«./  I'M.*  . OHM  • m / It  It 

ttm«  • amt  • to*  •«•»•«> 

• • ic  / «.  / rev  • i.t  / m» 

M N.  • Mail  Ml  • »J  . MT1  • Hll 
**M  - aim  • mm  • ai  / «.  . 

• W *1  • i ».#  . KJ  . Ml . V»I  / *.  / kct  / rcr  ■ 
, <n'  m»  • w > nu  / mn 

• aima  • uo*  • am  * k • io  / acr  > 

• tm  • M / n / KTV  / a*T  . i.t  i irai  / mu 
aer  • airai  ■ no*  •at*m«ia/acT« 

• ok  / mm  / ttr  / ftv  • i.t  / an  / mil 
*•*  * n"’"t  • *M/ari  ■ airnoiaiTna 

HIM  • MKIltUM  . MTH.II 
tiKM  . amaiiainuH  .wrmn 
*M  • MwnaajM  , until 
ttTBM  • MwicartiUH  , unnti 
■ Manana*  . until 


act  . Manner  , unto 
•*  ■ Mai  imihk  . until 


mm-  . BUM  . Biram  . BUM  . amuH  . UUH , 


VlKIBTIItttV.IBtT.Ht 
rr  mw 
WIKM.1BII 

®*«.*lll  •K.Hn.BA] 
aiKwiiH.MWf  i acTVMrna 

ik.imim  I aenurea  .ri, .v 

IK.  MUM  1 rvo  HIM  .ru  t, 

IK. MM  t art  HINK  .nt.ti 

■biimmi 

MKIB.HtlBUM.BITBK.aBM.MtllllH.aBM. 

• TIBIBt.aCT.KHBt.TBTlt 

1 tm"t  *.»«a»  i . immvoum.  jit  * 

IK. MM  I . lutm 


457 


•W»/^ 


Ml 


MT 


WT 


mn 

m* 


a* 


im/t  LitriNi 


MTOrifti  CHUTT  KT  - Mt>  AIR  INDUCTION  TOTO  ItOLU 


IR.INIO  I 
IR,RMf  t 
li.M»  l 

IRl.MMf  I 

m,»Mf  i 

IM.MffOUL 

c 

00  T9  «M 

c 

*00  PI  • Ml  • PM 
PR  • *4  • PM 
PI  • Mxl  • PM 


• LMIIMIIV4 

ja.it 

- flUMMRK 

Jl9.it 

• IMI1UHV4 

Jli.i* 

- roauND  mink 

Jl9.it 

- ACTUATOR 

Jl9.it 

• ATT  MINK 

Ji9.it  f 

Ji9.it) 

vi  • wi  • «.  i • pi 
«*«*U*Pt 
VI  • M • KJ  • PI 


C 


C 


c 


MM  • MtV  • .IIPilVl 
•MUR  • tit*  • .IIKUn 


m • iiN4tiM*) 

et  • cam  tatati 

M • f INlOatURt 
m • CORliaftfRt 
10  • T4NIMMI 

tl  • IVI  • Ml  / «.«  / *V* 

RTI  • VI  • 11.0  - 1.0  / 10  / at**l  • 

•*/!.••  <1.0  - 1.0  / *V»> 

Ml  • *»  • CS  / 0.0 

mt  • <%•  • « - v»  • «>  • it  / 1.0  • %•  • C0  i i.0 
«•<*!•  IMP* I * anti  ♦ VI  • |0.«  - anil  - mi  • anii 
Ri  • ivi  • <0.9  - mu  • rai  • <ant  ♦ anii  -R1«  ann 


« 

ano  - ant  • bj  • uri  • VJ  • an i / hi 

awTT  • Ml  • U • IMI  • 10  • Ml  / 1.01 

ac  • «j  / «.0  • iin  - Rt  • U.0  - m • anu  «a  / %.ci 

mm  - avail  m<  artci  , mi  awn  . amen 

c 

II  • VI 

a • n ♦ an  i • vi 
d • a - Rt 
n • rai 

a • rai  • ani  • vs 
a • a - n 

ant  • avail  Mm i , ana*  . Mini  . m<»i  . Mini  . 

• Minn 
c 

H.  • aval  i an i • a i . ana  • w i 
ineMrmi0.%19.M9 
c 

%!•  RUM  • mil  • 0M  • VI  • 41  / M / a • 

• t*i/i4/  wvr  / rev  ♦ r.r  / inu  / nu» 

•inUN  • X|T%|  • DM  • M • MS  / RCT  • uri  •«/«.•♦  Rl»  • 

• <a*  • m / 14  / aw  / rev  « 1.0  / atu  / nut 

€ 

14  • avail  an%  • *%  . a<r%  • mt 

mlm  • xn**  • 0M  • v*  •*%/%.#/  ho.  • 

• <*%  / 14  / wvr  / rev  ♦ «.0  / wtu  / nut 
mhun  • rit%%  • rm  • a<  • w • v»  / *t  • 
h««m/4  / aw  / rev  ♦ 1.9  / ra  / ran 

c 

14  • avail  ant  • *1 . aa%  • mi 

RMR0  • RUM  • 0M  • « • *•  / %.0  / RCL  • 

• tii/4/  wvr  / rev  • t.R  / wwt  / nut 
RtTMN  • HIM  • 0M  •M*M«%»/MCr> 

• in*it/4  / aw  / rev  • 1.0  / aiu  / nut 

RRtR 


458 


innimniHHiinii  \ 


w*/t  u«n« 


ami  m 

CONTOfTf 


*€tP  *»*  INRCfl*  mrfM  **x4l 


1^'. 

IM 

f*7 


» • «mi  • *1  <m<  VI . *,  / , 
1 * * * * ' • MM  • HI  / *.|l 

mn«  • >mi  w , 

« i*  • w / n / rer  • i.i  , r«n 
c 

n • mwiiinn  • *.«  , wr, 

■ HIM  • *.»  • im  • w • *.«  / v>(  / ^ f ^ t 

• M • » . H / l«.|  . MM  • IN  / H.o, 

WWW  • ItTW  • BM  ' W 1 M ■ w > 

« 

n • -u.Mn>iti 

"“**  «u*  . hi  ..cm.*  /tt  /rn. 

• (COW  . « . H.  / |«M 

•ww . hits.  >m>ai.l|l)|l 

« <*  • « / «.  / rcr  . i.o  / nui 

t 

•M  M.  • Will  M»  • a.1  , MP,  . 

**•  • «•*.*«  ■ m • u / « . 

• <*  • • mm  / K.  / ircr  / ret  . m$  / nu  / roui 

• IITTM.  1 QD4I  • *1  • W 1 14  / ^ # 

• <*  • m / « / »o  / ro,  . I.o  , „„  , ^ 

W * ll,r*  1 *•  ’ M • w i io  / (I  , 

• i»  / anm  / irer  / rcr  • i .§  / vil  / nui 

HOT  . MCT  • II run  / iin*.  . «j  , * 

*"*  * mil*  • «ITO*»  / IITTM  . wwi 


mo 


r«i 

•IlOO  . mwimiLM  . KTH.II 

IV? 

•ITMl  • MW'IDiriUM  .KTKTII 

m 

*“•  * WIIITMt  . until 

IVt 

■ MNUMIMN  . KTKTII 

IV 

"**•  • WMUMLOO  . KTH.ll 

ITII 

• othmihoo  . Kntu 

17V 

*"•*  • WWllWnUH  . HTKTKI 

rn 

mil*  . OWIimiT*  . KTH4I 

IV 

mer . «miit«t  . ktmu 

IV 

*CT  . OtWIlMCT  . KTTKU 

IV 

MIT*  • nun  iwnac  . until 

wm 

c 

wm 

WTH  • HUM  . RITIUM  t l*oo  . 

IV 

• mn*  . net . wct  . Wn«  • 

IV 

c 

f»l 

iriifirrnoooo.oooo.oM 

IM 

MNeorriHi 

IMI 

TOITClO.tO)  l 

IV 

*ITll».**ill|  .RI.RI.^i.rr) 

i*i  nouTiiM,»«uf»  i KWtrm 

• m.nmur  i no  hctvutor 

• i »r  acrutre* 

iw.Mor  i no  kmc 

IK.MMO*  | ITT  KINK 
mmkio.wmi 


.rio.l/ 

^11.0 

.110.1/ 

/II.O 

.rio.oi 


am 

DU 

*mif. woiiiuRo.ii  Tnw,Ro®o,*Tmn,flLoo.niiiofJ4CT 

• KCT.WIM.OHtOO.WTRW.W*. 

ru 

fUl 

wifiouii  in.wHKo  i • booinoiwt 

Sl$.i/ 

UM 

I00.MMO  1 - TTWOVCMC 

MM 

1 . LOOITUOIKTL 

/II.I/ 

tVT 

IM.1MUW  | . TMOHT* 

/M.I/ 

DU 

m.now  i . UNOirvonw. 

•rit.t/ 

01M 

■ W.MOMI  | . row*  HIT* 

/IM/ 

DM 

I0T.NMMO  | . fOMMO  TKTWTM 

* !•.#/ 

ffVl 

iw.Mnw  i . nr  acrwraR 

•rit.t/ 

fff§ 

loi.wnno  i • *t  nit* 

.rn.i/ 

D|] 

im.mmmo  o . laoinoiwt 

Du 

IOI. MOOO  0 - TMOVOHC 

rvi 

lOT.MTTOTlt 

e 

/n.i/1 

IV 

1 

a 

$ 

«V7 

e 

am 

M 

45f> 


OVM/» 


IWVT  LltflNO 


€ HUIUMIHIHIHIIIHIIIIMUItllHlKKUMMHUmiimmHimiHmil 


e imiiiiimmiimmiimiiiimmmmimimumimmmimmm 


e mini*  m mot  in  oommm 

t fo  kiomiic  atwmcoic  Mopomn  rw  o pointo  m **  omman  nmnn 


i /w*/  mitcutei 

I /IMIMT/  IPtMl 


OlfMIM  0< MM) .TIMM)  .K< IMi  ,)©<M0i  MMM 71 

OllMION  0A7MIMI  MMM 

oucMiM  cou(iM)  mmm 

OlimiMftdM)  OOOMIM 

lllDtIM  #LT I Itl.TDII  III ,P0(  I9> ,#< lt>  ,C!l ID  ,100110)  OMMIIt 

DDOStQN  %Hdt>.%LdH  .QHdtl  .tL<  ID  .D04UD  .OHIO).  OMMIM 

MUTMl  10)  .lUTlI  It)  ,IDt4(  It)  .TtltC  10)  .FTMI  It)  .Fill  If » .PMl  It) , OMMIM 

MOLIItl  OMMIM 

OUO0ION  IlfUlM)  MOMIM 

OOMOIM 

CttlWLMCK  l04l)fTOM<in,(Tl|).rCM(MOlll.tOC4l»,VOMl<ilOm.  000MI10 
ItHHII.ICMIOMII)  OOOMIM 

muiuloce  loion.camn  OOOMIM 

CMIV4UCS  <0<Ml).0Anuill  MOOOMO 

OUIVWLDCX  lOAIMI  111, 0*91.  IfATHI  Ml  .NATO)  OOOMOlO 

UUhMLDCf  lOlTSl.TIfVCdll  OOOOtflM 

ojiwlixz  ifdi.tmi  oottttM 

COUIVMLDCZ  ltd I.1DWLTI. 45111  .MCMI  OOOOOMO 

IMI VWXMX  4llM.)UI.Tll)l,lTlflll.TtJ4dll.lllMI»^Odl).  OOOMtM 

tiTmii.0dl).lTlffii).C9d>MT(Mll.Mdil  MtttMt 

CMIMMLOCC  ITlMI).%Md)).4Tlf7|I.Vldll,4TlMII.M4|l).  OOOMtM 

ltTlMII.B.dlt.lf<MM.Ofldli.tT(lll).Oldlt.  000000M 

«4Tl»|l(IUVMdl».lTini)(IUILdn.iriMI).TDMd)l.  OOOMtM 

MVlMll.im.(l)l.lT(MI).PTNdlMT!STI».rVLlll).  MMOMI 

OlflMD.P»4dl>.lTlMl>.MLd>>  MtMIIO 

OUIWUKZ  UCiMl.WAKl  MOOOMO 

CM1¥MMX  iMHOII.lMMdttl.J)  OOOMIM 

M M 1*1.9  MOMMO 

t |flOMIMl«IOM  O.O.It  OOOMMO 

9 e*md»lO)  • OH)  - OAfftdMtl  MMOTM 

M TO  10  MOMMO 

0 OA!*d«lt>  • 0*0  MMOMO 

IflMLO)  t.10,10  0000 MM 

to  J • #•!  - I MOOMIO 

4.TUI  • 0*1*11*4)  OOOOOhM 

Ml  j)  * MIHil)  MttMM 


IflOAmi  1*101  -Ollll  It.If.H 
t«  %liji  • miji  ♦ OAmd*iO) 


10  *W)  • wiJKATmidt) 


tMTDPOLAfC  rm  INTDOCDtAlK  O.TITUOC1 
0 00  1*1.0 


ALflJ)  • MLfOl)  • A.TI>ll  1/0(1) 


me  Tom  - o altitudes 


0(l>  • DIM)  • ALTlUMfltl) 

Mill  •Mlt/1MI)Ml«) 

Mil  • IMUItSIMlllCM(atl*1VNdll**.0 


; AT  INITIAL  POINT! 


460 


WTOTUM  OMTT  «T  • 


AIR  SIOUCTMM  tYtncn  I 


J • t*l  - I 

*(J>  • O(0f  Jt/0(  JiTO<t>*IVMi  J)*CtO  >**f 

TOO  • OOOlTOO/Di|i«(\llJ)«COfjn«TO 
I OMTlffcK 

onoanc  vuo  *c  dwwmic  mm. m.  at  imtomsiais  roimti 

•mAIMT  U*C  IlffCir&AllON  ON  0VHN11C  RRCMURC 

00  I*  1-1.1 


ifiaon  - worn  1X2,131, iu 

IM  WO  rn  Wl>|) 

OIO  • OOOTOO/Otf>«lWO<«UMMt 

NNIN 

ia  ao  • i •♦on  • M>t>i/Ddi 

WO  • IRlflTOHO  TOO /RHOO  >»•.*/&(  J> 

i*  ititoom  - it  om  ia.:a,ia 
la  %lij>  • tooii 

TOO  • 000/QO/0<t>*t%LO<S(JM-TO 


la  TOO  • 10.01 1 ♦ OLOimOif) 

TOO  • <atHTOOTOO/1»eOI".4/C4lJ> 
m C0NT1MJC 

: ommoc  mmm  moo son  «o  now  raic  at  djdiic  r«t 

• 00  WTO 
H«  1*1.0 
J • »•!  - I 

lf(0Aimt»lt)1  I42.1H.II0 
m If  IRATOl  IW.IW.IOO 

a*  mwo  -am  ta.ia.ia 

%m  AAIH4JI  - 0111 

a to  no 

a RAJHI  J)  • 0(|t  - COkHfllXVNIJI  -0(l»»«'t0U(O) 

ito  ititoo  - 0u»i  ito.ito.i* 

ITO  RAIL1J1  • 041) 

a to  ito 

ito  ratio  • 0i i » - uwaniTOo  -oaiM^auiai 

ITO  WU  - 01  I TO.  TOO.  ai 

ito  triwon  - am  ia.ia.ia 

TOO  RA9MOH  • an 

a to  ia 

ia  Raiwoii  - om  - awamwon  - ain»TOWia» 
m ititooii  - am  ia.ia.ia 
ia  RAiLon  ■ an 

a to  at 

Ml  RAiton  • an  - wianiTOon  - omxaHai 

a to  ao 

•a  RAJHI  J1  • 0ATO(M«l 
RATOO  • BATON  *01 J 

iii  ai  -2i  ta.ao.ao 

NR  RAINOII  ■ UMlWOfl  • RAJHOI/tXIl 
Moil  ■ I RAll  04 1 • RAIVUIt/atl 


I MM2I  • RATO 


ao  IflBAlWIHOn  HO. Ill, TOO 
ao  omoi  • mini 

04.0  • KOWIM) 

inwo  - am  nt.iit.ao 
at  o«w  ji  • mum 

nwo  - mrm  no.no.ao 
no  omo  • wo 

a to  ao 

ao  ititoo  - am  at.ao.ai 
at  04.0  • mia> 

ir mo  - mwmi  a.n.n 


i irn  - a ao.at.ao 

IOWOII  • I OK  041  ♦ OKOtTOttt 
04.011  • 104041  ♦ 04On/0<t> 


m/ov* 


MfW  kllVM 


ATTOrUU  OttRT  «(T 


Ain  imuctjm  trow  mu 


IHf 


m to  *m 

m (mmji  • o*mci«Mi 
nut  • baimii^mi 

m to  m 


9999 


ooooimo 

•0WISM 
•MtlSTt 
0000 1 MO 


•m  • coumi/icoumi  - ohm 
•if i • icomoii  - oun/tifi 

e octijoiiic  nm  tuvouw*.  tot k *c  itatic  tcimc 
to  tm  (■1,1 

imm  • iDKimom  • o<oi*vm(D”Oi 

100.(11  • 1f>M  1 1*10111  • Sl0l*VLtll”0> 

vmui  • votiiNuiMiimoui  • o<oi**«ii**o> •min /oiiti 

muii  • PotiiNUfuimoin  • t<oi**un**oi*ntii/oii7i 

r»«i ii  • Mini i i/i io<n  ♦ 

mm  • mm/tioni  • s<oi*n<n**oi*«oiDi 

MO  CONTINUE 

tfltflMHOMI  (IMI  .SOOt 
tiil  C0NT1MJE 
C ORDOOOINT  OUTfVT 

MITCtO.II«llimifClMM*m.lOOI 
mi  ratMTiiMi.ftAio.it>. i*”  a*.  - iriott  ••/u.ftAiot 
mnc  to.Mt 

m roottTnm.m.siM***  tod  atitux  maria  t«ui  •••.«*. 

I /Aftl.lHTtftOD  ATICO»C«//IOX.OtfLTinAE.K. 

f i iMToraiATuic ftcofti  TY.at.ftmcoftJV  .«>.  iMO.ai. 
iiuviu  or  ooue/i7>.*»nxT,4x.ti»cco  R#*nc.7>.»*cr.io>. 
iiar.ft.orT/Kc  m,7>,oct/*ci 
mi  icio.mi  i4LTi 1 1 .nm  n .moi  1 1 .roi n ,oi  i > .coi  1 1 . i*i ,o> 
m rotttTiifx^n.i.rif.i.ai(rio.?.  no.o.rn.i.ri*.oi 
mncio.an 

t*  raottT(//Aoc.i»Mmriu 
IttMLT.  ,».***<  M>  ,«!X.ttOlN>.ft(.ftt«.f>.imTf/fTO.fM. 

mom  T.tK.arrt («tx.aft».i».ttaiu  ,*>.*mo<l>  .at.aoor.M. 
nmrt'VTo.&.atUH  T.*>.a*Tf.*>.»vt/*>. 
mmi.  w.  otoi.ai.Mv.il>  .mm.  i i>.oceo  r.*x.»*si  .n.mi . 
a»>.ao«.ac.»#«r  .*>.»#«. i ix.vcco  ■.*>.»*» i ,*x.aroi 1 
mirtio.Mt  iA.T<n.w<n.m(i>.M'n.juTMin.TDt«<n.rTNtn, 

toon  n .%li  1 1 .mi  1 1 .D«.i  n ,iun.i  i > . in  i n .on.  1 1 1 .r«.  1 1 1 . m .o> 
m roottiino. i 
ITTA.rt.f  JT7.fl 
0000  CONTINUE 

nnm 


00011*00 
mu  mo 

00001*00 

00001*10 

ooooi**o 
ooooi*m 
00001*00 
OOOf 1*70 
OOOOI*M 
00001*00 

OOOOIMO 


00001930 

OOOflOBO 

OOOOIMO 

00001470 

OOUIWO 

00001500 

00001000 

00001010 

OOOftftfO 

•0001010 

000010*0 

00001000 

00001000 

00001070 

00001000 

00001000 

00001700 

00001710 

00001700 

00001710 

00001*0 


miitiiiiii'iimitimmiiint  uimiiimitiiiiiiiiiiiimininiiiiiiK 

MMVT1IC  rnc 


olomcvtik  trim  ooioooio 

c mitten  oo  tmo*  ira  ooioooco 

c to  anam  tciairt  tor  vim  ooioooio 

C OfODfltV  UOim  ITATI0TIC4L  COLMTIOM  TR0I  **-m-07-l  001009*0 

c moonottiTM,  m*m.  rol«c  cr  *.  ooiooooo 

« OOIOOOOO 

COW  fcanmooi  00 1 000 74 

C OOIOOOOO 

oiiMiaiftiooooi.Tioooot.ociioei.wioooi  ooiooooo 

•MMIM  ftOHOOOt  00100100 

•IlMIM  ftAfli*OI  00100110 

ottmia*  anuooo)  00100100 

OltMim  OtlMi  OOlOOIM 

OHMION  TOTi  1001  001001*0 

c OOlOOIM 

CMimocc  iftni.Tca*(i)).(Tin.TcaM(tooin.iociiMeai(*ion»,  00100100 

|(mi|t.TCOH(*OOin  00100170 

auitttxtcc  ioion.coM in  otiooioo 

commocc  lOioon jatohii  minim 

MUUNLOCf  Iftl  170 II. OMNI II  Ml 00000 

cojiolocc  ( fin. oi in  mipmio 

MIOUMI  lTilOn.fOTllll.(TOtll|i.lorSl.lTftTIMl^rTOl.  MIOOIOO 

KTOTlVTl  .WICOl  Ml  00010 


462 


w 

?v 

$ 


BMI 


mt 

Sit 

Mil 

MU 

Ml* 

Mil 

mi% 

un 

Mil 

an 

Ml 

MCI 


Mil 


MM 


mi 

m» 

mi 


mi 


\*0SJ1  titllMi  A/ttfl a*  CNMI  Kf  • Ml * AIM  l*CUC!t»  ftYffPl  NOOULf 

••••  CflMTIMTt  •••• 


MJIWUNCt  OOdlfi.hO) 

€ 

•<l>  •Kll 
iriBAMim  M.M.M 
M till  • MII/MHOI 

C OATim  - CMMV  MU  W HUT 

c uni*)  • mw  m inert 
M MUM  • M IM.tM.MC 

c 

c •••  mlt  coum  rue®  mm  ••• 
im  Mrt  • cauiit)«*rf(«»i^Ar«iti/oii7iniii 

•MM  111  • Mft 
•MM  Ml  • PAJMIl 


C 

C ruUMOUK)  nUMLAfl*  Mitt  ••• 

cm  *rrv  • caiiM>wt(i>i«uTtft>/DiiT>niii 

•mm  in  • i rn 
■MM Ml  • OAftltl 


c 

C H#  MUMLATIW  C»*OINO  Mitt  ••• 

MC  MtO  • aU<lll«ATtm*0AT|itt/9llTl*l«ll 
■MM  1 71  • iim 
•MM  Ml  • OATlIfti 


•JINCM 


IIMMC 


mmm 

eciMiic 


iwa 

MMM 

imm 

MMM 


HIM  TV 
1 1 IMM 


e **•  exit  •it 

«1UM 

e 

C 

C WJnmr 

c iiiiiitiiiiiiiitiiimmmmitiiiitiiimiiiitiiiniiimimmiimiiiii 
c 


MMTIK  •JUffT 
C MITTW  tO  4MIL  It7t 

C ?•  •MMIIB  MClQMTf  MC  C.I.,  #©  TO  MCfSMT  TMLTS 

C 


CUM  Ml  VC/  MltCdMl 
CUM  /IMIMT/  IPIMI 
C 

c 

•I  MM  I ON  0<MO>  .TlCOMI.OCMM)  ,ND<IO#i 
OlfCMION  DATV<*t > .DAT*  I IMl 

BIMMIOl  titvcuh 

IOMION  «MMIMl 
OWMIM  t<  100). TOTl IMl 

c 

CBUIWLDCX  <Od),TCCMdll.<Tdl.TC0'c||9l>».<CCdl.TCO1M»lD|l». 
limil.lCMMMOIII 

ujimldcc  iO(«i».OAridii,(Cioon.iwriiiii 
COUIMLDCI  lOlTHl.TITUdll 
nmmia  lonTOii.utidii 
COUimUCC  (Tdl.tllll.lTdlll.TOTdll 


CUIttLOCC  OOdlll.lMIOdtti.Ji 
fitttWLOCt  iMdltMMl 
UUIMUNCC  UCdlSl.lMTi 
C 

Id  IMl  Ml 

C KWMIIC  Ml  C.I.  • Util  If  I 

m VMW.1V.M.M.*.7|I.IW 
II  Kll  • I TIT  IMl  ♦ TOTlMiidOATIdTl  • OATCHH/Dlfil 
CMIIIII  -Mill  IC.IC.M 

It  mi  •Mil  ♦ ITOTIMI  • TOTl  m ♦ TOTUll  • TOTlMH* 

MUfiiiTi  • urmm  ♦ iatmii/miii 


II 


m Mil  - MU  • ITOTIMI  • TOTlfTlI* 
HMNNITl  * •KMitl  • 0ATR<9l/MCll 
IflUmill  - MSN  M.M.M 


463 


HMft  iiotin 


AIR  INDUCTION  iVtlfN  KBULf 


tmm 


mi 


mt 


mi 


not 
not 
jin 
mm 
up* 
bim 
MM 
MOT 
MM 
MM 
MIO 
Mil 
lilt 
MU 
II  in 
MIO 
MIO 
MIT 
MM 
MIO 
MM 
Mil 
MM 
Mil 


■ till  • fill  • ITOTIMI  ♦ TOT  Hit  • TOTfJll  • TfTl»l>« 

KtAfRlITt  • OATRINI  • OAlRlf)  • OAMtH/OHM 


M tin  • mi  ♦ troTtMi  ♦ form*  • totimi  • tothii  ♦ totimi  i« 

IIOAIRIITI  ♦ OATH  IN  I • OAlilil  • OATRlRlMHlI 
•m  • nil  * I TOT  HU  • TOTIMII* 

KOATRtlTl  • 0ATRINI  • OANtlftl  ♦ OAfRtOl  • OAlOlTl/OHlI 
M «MHIi1  • nil/TOTlHl 
IIWIIl  • TOTIMI 

e MTir  AIR  IMUCTIM  OMTPt  kCIMTf  me  CM. 

C MIND  RAM  IT 

n nn  • Dm 

iriOATnu.oT.  o.oi  nnooim 
ntiMipM 

00  TS  >1.17,1 
ftMMJI  • fUWlIJi^lll 
•mill  • mtf*lll  ♦ MMMJ1 
•HI  ■ till  • ftlOUINMMXI 
71  COMTIMJt 

•mill  • nn/mmui 
IflOATtllll  MO.IM.M 

c roR  wtfui  rwt  mlt.  ic imti  nr  i 

M 00  M JHI.M.l 

IMIJI  • OUMIIJINHII 

M CCKTiMjK 

e A. to  Slice  OUTBOARD  RUM  « rtTTINDO  ARC  CALCULAT'D)  M TMN. 

«MHMl  • OMtiMMOHl 
mmiNlt  • mm(Nli*OH) 
im  ir mu  - OATniu  ut.Mojm 
in  mmctn  • mmnu 
•HUM  • ftMtiMl 
■MM17I  • OUMlHi* 

*ff*lM>  • tlRilll 
•ftlllll  • tUMTHOl 
UROI  • OkMIi Ml 

•mimi  • mmmi 
•RBMMl  • mmmi 
• mm<Nft 
•IR'NI  • mmtNOl 

mmmi  • mm<Noi 
mmitn  • mm i to i 

M0  Bill  • dip* i 
•Hi  • PM 

m no  i*i.o 

J • R#l 

nn  • sen  ♦ mmoiTiNMwoioi 
nn  • nn  • tifioitimimx*) 

mmiiTi  • mmitTi  ♦ mmom 
mmiMl  • BIRIN)  ♦ INKAIII 
111  0MTIMJC 

mm<Mi  • nu/mmiOTt 
trimmiMii  iin.iin.iii 
hi  mmiMi  • nn/mmiMi 
•in  mmmi  • mm<*?i  ♦ minni 
rnmion  • mu  ♦ nniimmioii 

IflDAIfUII  IM.1M.M0 

mo  mm<M»  • mm  * an  man  u 
mm<07)  • mm  t on  muni  i 
mmiTi i • mmiTtioiiiiii 
mmiTii  • mm  (Mi  • mm*on  • i 


BNItNl  • lUBHI 
iVNii  IBn/BtMtt  7>i 


•*  • 1 


NR  * 

Mill 


M 71 1 • 


C NKVIM  CO  TO  ruOCLJM  miu 

m nn  « OArtun 

irtOHi  -OATnin  m.iM.iM 
m nu  • lOATtiin  • oaimmunhi 

DIMM  1*1.0 

J • 0*1 

inmmoiu  iii.iN.iii 

in  mmtji  • mmtjt  • nu 

m 0MTIMC 


464 


•I'M/* 

c*e  m 

•im 

nit 

na 

lift 

it« 

IlM 

um 

it  ii 
sta 

i in 
mm 

it  a 

n» 

ii  n 

na 
n a 

MU 

im 

iiw 

tin 

IIM 

II* 

II* 

1117 

II* 

II* 

IIM 

11*1 

IIM 

im 

IIM 

IIM 

IIM 

11*7 

IIM 

IIM 

IIM 

11*1 

IIM 

no 

IIM 

IIM 

IIM 

11*7 

IIM 

IIM 

II* 

1171 

II* 

II* 

II* 

II* 

It* 

II* 

II* 

II* 

IIM 

n«i 

IIM 

IIM 

IIM 

IIM 

IIM 

IIM 

IIM 

IIM 

IIM 

11*1 

IIM 

IIM 

IIM 


AIR  I AUCTION  *7*101  9 


lft*99IIJ-t»l  M.W.M 

a*  OMiiji  • rnttiui  • *u» 
a*  oomtinuk 

•hi  • MTinn 
M*  • OAr*(i«i 

m *•  l-l.  i* 
j • i*i 

lfl*99ll>|7H  Mi. a*. Mi 
M*  *994<>l*l  • MfllJMli  • *111 
a*  ir  1*9940*1*11  iM.iM.ai 
a*  *9944  J*9S)  • *fttl>Ml  ♦ *««* 

*•  CONTIMjC 

*99417*1  • *994!*ll  ♦ *J94(7S> 

WW*>  • <9.Mli*l»*tf*MMl  ♦ *MM*l*MM*‘«/«Mu*i 
C Ml*  gC**OI9ff  Ojmjl 

Mil*  (•.*•!  (MlfiC  (Hi  .IRM.IMl 
**  rB9UTllMI.Mtt.l7X.lM"  *9WRV  **/|X  ,*Alt// 

i mx.sma.  i.  s.  ♦ ooi«  tccTioN  m Menu  mom  icimt  ♦ c.t.  . 
f *NMl t //  StX.gOff.  .*.*€.*.  JK.9*IT..*.«C.*.  I 

c 

Mtl*iS,i**>  1*9*41 1 1.1*1.  If) 

*•  FB9UTIM.MNAIR  I9OUCTI0N  STSTDl.1M.jril  .t/M.  I IMIUTT  90*. 

I V*.VII.|/  M.I1MAJR  0UCTl*.T*^ri|.9  / 

• M.JMINTR9  DOORS  ♦ OR.  fCOWM*t.T*.MI  1 .t  / 

I m .MMRMB  DOOR*  ♦ OR.  9fXMMtM.T19.gll  .*  / 

1 M.rMVMIMLK  OCBCTRT  fTMCIXMl.T* JTI 1 .9  / 

• V.MM1/  ROM)  flMCD  *RU9.V1*.g||.t  / 

• M.JgfUX  i0t#O  nUMLATI*  MME.fIS.gll.f  / 

7 MUMCVJLL  nUNi.  ♦ DM.  MUC.MtJTll.t  / > 

C 

mii*!*. *oi  t*j9'in.i*i.Mi.imf«Ki>.i*7.W) 

*•  fO*MTllM.*|lOOMD.IM.OOn«MO.I«.MTOTA  // 

• M.Mf..7k.1IC.|.llll.lM.7l.*C.«..l|la|*  ' 7X.1MC.*./ 

I K.IHMIIC  N0UNT*.m.MII.9.IMJFII.</ 

• UiMJKM  « nUMl.m.Mll^.lM.VM.«/ 

I M.9MCOSOIM)  • STimCR*. raw’ll. t.IMjril. 9/ 

1 M.  •COMKROM.m.M'il.t.IMjril.t/ 
s ».  oritfiNM.  m.aii.*.iMjrn.t/ 

• *k.  •MrvoM.rn.aii.t.iM.aii.t/ 

7 M.  •CI«9HAJ..TD.gll.*.TM.gll.*  / 

• M.  MMmg.TP.JTII  .I.TM.gll.f  / 

• m.imtotr.  oo.sk.m*  .m.aiiM.iMjrii.«.iM^rn.f/i 

c 

Ml  I *!*.**)  l«99Hll.l*i.Mt.C«9«MIM*7l.*l 
RM  rOMATlM.IgtfCCSM  OOCRS.TIS.gll.l  / 

I *K.  I gOO i 1C  000RS.T1S.gl  t .J/  M.I*9X*R10R  T lNlM.T1S.gl  I «/• 
MM.IIMTOT*.  *4ISC..1M.OII.f  // 

I M.M4T0T4L  OOtCC.MC.OROlg  * MM..**.  011.9  I 


MH*l*.*OOllMI*CIMI.M**.lMl 
«*  70994*11  INI  .jAII.ITX.lg4**  SUWRT  "/IX.RAJ1I 

MII*t*.MIl 

Mt  fOMMIlllM.  ax.lTM*  • • RMRVLS  I OH 


Mil*  <*.M*I  < *9*4111.  1*1. IM  I 
Ml  rOMUTHNl,  ITX,  9M4A1R  IlflUCTIM  *7*704.  T*.  1719.9  t MX, 

• I IM1MXT  M9M.  1*7,  lTlf.9  / MR.  IIWUR  OUCTIM.  7*7.  tfltf  / 

• MX.  *MtNT*9  DOOM  • JRDMf IM  9CDMN1M.  *7.  tflf.J  / 

• MX.  MMTRMS  DOOR*  • OROU7IIM  99DM41M.  197.  ITIt.9  / MX. 

• 9RMIRIMLX  M0991WT  STMCTU9.  M7.  glf.f  I 
IT  1*991! Ill  .99.  *.*>  Mil*  ft.«l*l  *9*11111 

ii*  rsour  him.  fa.  m*mj  kuo  rues  vtic,  *7.  iru.«  1 

IT  1*9*411*1  .49.  • Mil*  Ci.tltl  *99411*1 

in  fORMrni«.«a.j*rux  homo  ttmmlaiim  mi*,  tst.it  19.  *> 

IT  1*9941171  .99.  *.*l  Mil*  If t*H I *9941171 
SH  7*994*1  IIM*.  fa.  M4#UX  TMMLAVW*  * 0**0110  MIMC.fB7.flf.fi 


MU*<i.SMHIM1«C  INI  .IR«MM» 
Mil*!*.  *99 ) 


465 


mm**  im*  ui?  im 

— m —• 


i mm  mi  • 


aim  imuctim  tnioi  mu 


urn 

MM 

MM 

MM 

MM 

MM 


MM 


m mhiim,  m,  me  mi  i m iicmim 

urn.  t «m.  «m— 

// 

• IM.MIMRD.fMMUM0MD.TM.««rM4Li 
MI«C<t.MI»  —Mill.  aimm 
m riMtflM.  ITR.  I MM  Ml  MM**.  Ml.  Vlll  I 
MIMU.CMl  l —MU.  l-fl.M.f  I 


111 


-mmito 

MMIMI 

MMIVM 


MMIMI 


MMIIII 


MMIMI 


• Ml.  fil  l / M.  t—tM  • IT MTIMNi.  Ml.  VIM  / MMIMI 

• MR.  HIM—.  Ml.  VIII  / Ml.  MV  ITT  MM,  Til,  Vll.f  i MMIMI 

MIMtl.IMt  l —Mil.  1*1. f 1 .11  MMIMI 

Ml  f— fitM.  I1N.  —M,  Ml.  Vll.f  / KM.  HR.  MVMDH1.  MI.MMIIM 

• Mlf.f  / MM.  111.  HUM.  TM.  Vll.f  I MMIMI 

MtMlI.MMi  l —Mil.  I -ft.il .1  l MMIMI 


MU  • Ml.  Vlf.l  / I MMIMI 

Mil  mntti.Mfi  MAVNMI.  SfVHIT)  —ntii.  mmmui  MMIMI 

Mil  Ml  f— ftfllM.  I'M.  ttMNM  • NI1HUACM  / M>.  MOM  / Mi.  MMIMI 

MU  • —MM.  Ml.  Iflf.f  / Mi.  MMIIC.  Ml.  If  If.l  / IM.  ITS.  MMIMI 

Ml*  * l—XltNIM  riNIM.  Ml.  If  If.l  * INI.  I1R.  MMIMI 

mu  • *mmt a warn  • wteni  ocoui im,  if  h i i mmimi 

Mil  milKI.Mli  INMUi  MMIVM 

mit  mi  r— mtii m/tm.  in.  iwtot a omm  mctiw  m mc cm  mom,  *i.mmimi 

Mil  • Ml  ■ . IM,  Vlf.f  I MMIMI 


Mil 


— I 
M*f 
Mil 


M»T 


C 

C HIIIKHIIfllllllllllHIlKIIIIIKIIIHIKIf IIMIHHIIIIIKIIIIM lllllllllll 

€ l—M  ID— 

c •iiiii.’iiinmmitiiiMiminimimmitiiniiiiitiiniinniminiiii 

e 


•IMMtM  KIWI .TlftMi  VUttl .HIM) 
IIMMIM  MUf  Mi  I 

•IICMIM  HIM* 


HI 


C 


c 


HUhHVCC  <MlMCM«l)»(iT«II.TCM(IMt>MieilMCMI*lll»l. 
liMMII,rOM<*Ml  II 

CMimvcs  win.— miii 

cauivMuoct  iTui.mit 

MUIWL0C X WII.1— LTI.«|<f>.MCMl.lf<|I.AVTl 
IIMMIM  4LTIW 
—00  ITIMI) .ATI III 
— MUUMC  OMIIII.il 


IM 

IM 

IM 


MMUM 


AVT  • ATIII/imi 


C RCLV  — MM 

If t AVT  - —III  li- 
lt MMM  • —fl«lWII  - — f<H*AVTl«MM«*ll 

M II  IM 

c ati  n«  — mm  mm.m  n. 

m If < AVT  • —III  M.M.*i 

M mm  • — 7I/ICVHAVT  - MUtIM/CMdm 

M 1i  IM 

*•  V<AVf  - Mtlti  M.M.M 
€ AIIMI  KIMM  Mlli.M  — IMCM.M  ft. 

M mm  • — iw*iwii  ♦ mhiiimavt  - —in— miiii« 


i— im 

M ft  IM 

ATI  AM 


IMIC 


I ft. 


KllnWIl  • IMt|*i«iAVT  - —in— iflUM— miHHMMO 


w 

s 

if 

i 

! 


466 


•>/«** 


KM  lltIM 


WTOfL*  OMfTT  «t  - MV  Aid  I’CUCTION  fTfTt*  «0OtU 


»•  cwriNTt 

irwurr  - cauMTn  iM.iff.S7 
«7WlT(lf.ff» 

m rwmu»i%. &.&*•••  mmmiw  xsmx 

i«M.nrva  It  KVTK)  v*IO  IUMX  or  MCSSUCI 


C ML9  *OlD*T  iWWkW 
ir<«jrv  - coonn  uo.m.m 

C 4.TIIUK  KMDi  «CA  avCL  *©  MOW  fit  ft 

iif  urmt  • caoi it*  - caonfiuLorT 

m to  oso 

Iff  IT  MUTT  - COL i f 1 1 ifS.lfS.i'O 

c mtiiwk  sncot  HM  in  me  twifl  w rt. 
iff  mw.1  • raoiMi 

• him 

mo  iriMflrT  - (ouifii  itf.ifo.ifo 
c ofina  cncoi  mn.«  «o  imm  • n 
i*i  wm.i  • cou*o>  • cooiiti*i4i.arrHooifii 

W TO  1)0 

c mtituk  fcnco*  me  is»im  *+  n. 

Iff  KMMT  • COUUSl  • CO0<l«l«(4LGrT  - (OuifM 

ir<Morr  - (dot  i?n  tio.tso.fio 

flf  WlTIit.fi » 

fl  rii9UTiiW.fi.IM***  **•»!*>  rCSSAOC  •••.If*. 
IdMLTITUDr  IS  Kroc  VA.I0  ftJMOC  OF  WCHATWCl 

CM  CQMTUOC 
«TJH 

Of 


• ••« 


fOOMMO 

ffflOlff 

•00**  10 
fOOJMO 

ffOIMM 


fffjfsie 

fOOJOWO 

COOMfJO 

MBMMO 


COOMflS 


467 


